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FKURPDWLQILEHUV)LJ%WRSSDQHOUHYHDOVWKHLUG\QDPLFVWUXFWXUDOKHWHURJHQHLW\)LJ%ERW
WRPZKLFKLVHVVHQWLDOIRUJHQHIXQFWLRQ&RPELQLQJWKHVWUXFWXUDOIHDWXUHVDQGH[FKDQJHG\
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DFWXDOO\!RIWKHFKURPDWLQDGRSWVKDOIRSHQRURSHQFRQIRUPDWLRQVXQGHUSK\VLRORJLFDOFRQ
GLWLRQV7KHVH IOH[LEOH FRQIRUPDWLRQV UHSUHVHQW WKH FHQWUDO LQWHUFRQYHUVLRQKXE IRU WKHGLVWLQFW
VWDFNLQJUHJLVWHUVRIFKURPDWLQWKDWLVGLIILFXOWWRGHWHFWZLWKFRQYHQWLRQDOVWUXFWXUDOWHFKQLTXHV
VP)5(7VWXGLHVDUHZLGHO\XVHGE\KXQGUHGVRIODERUDWRULHVZRUOGZLGH0HDVXUHPHQWV
DUHREWDLQHGXVLQJWKHWZRPRVWFRPPRQIRUPDWV±VXUIDFHLPPRELOL]HGDQGIUHHO\GLIIXVLQJPRO
HFXOHV±DQGKDYHEHHQDFTXLUHGDQGDQDO\]HGXVLQJPRVWO\FXVWRPEXLOWPLFURVFRSHVYDULRXV
DFTXLVLWLRQDQGDQDO\VLVVRIWZDUHDQGRIWHQWLPHVODEVSHFLILFSURWRFROVZLWKGDWDFROOHFWHGDQG
VWRUHG LQDYDULHW\RI ILOH IRUPDWV$UHFHQWPXOWLODERUDWRU\VWXG\KDVVKRZQ WKDW UHSURGXFLEOH
)LJ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LQWHUG\HGLVWDQFHVDQGG\QDPLF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LQIRUPDWLRQHQDEOHVLGHQWLILFDWLRQRIDFRQVLVWHQWPRGHO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6WXG\RIVWUXFWXUHDQG
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V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IHUHQWH[SHULPHQWDODFTXLVLWLRQDQGGDWDDQDO\VLVSURFHGXUHV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GHVFULSWLRQGDWDDFTXLVLWLRQDQGSUHVHUYDWLRQXSWRGDWDDQDO\VLV$QLPPHGLDWHEHQHILWZRXOG
EHDUHOLDEOHZD\WRYDOLGDWHUHVXOWVDQGHVWLPDWHWKHDFFXUDF\DQGSUHFLVLRQRIPHDVXUHPHQWV
+HUHVHYHUDOODERUDWRULHVZLWKH[SHUWLVHLQVP)5(7DQGHQVHPEOH)5(7ZLWKRXWSUHWHQVLRQ
WREHH[KDXVWLYHRUH[FOXVLYHKDYHXQLWHG WRHQGRUVH WKHVHJUDVVURRWHIIRUWVDQGWRSURSRVH
DGGLWLRQDOVWHSVWRRUJDQL]HWKHFRPPXQLW\DURXQGFRQVLVWHQWDQGRSHQVFLHQFHSUDFWLFHV7KHVH
UHFRPPHQGDWLRQVRQKRZWR³SUDFWLFH´VP)5(7VKRXOGQRWEHYLHZHGDVDQDWWHPSWWRUHJLPHQW
WKHFRPPXQLW\2QWKHFRQWUDU\RXUSURSRVDOGHWDLOHGEHORZDLPVDWNLFNVWDUWLQJDSURFHVVDQG
DQ RSHQ GLDORJ DERXW H[LVWLQJ SUDFWLFHV LQ RXU ILHOG :H EHOLHYH WKLV SURSRVDO ZLOO HQDEOH WKH
SUHVHUYDWLRQRIH[LVWLQJGDWDGDWDIRUPDWVDQGDQDO\VLVPHWKRGVZKLOHHQFRXUDJLQJDQGIDFLOLWDW
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WRLWVXQLTXHFDSDELOLWLHVDQGKLJKVHQVLWLYLW\7KHUHDUHVHYHUDODUHDVZKHUHQHZVP)5(7EDVHG
PHWKRGVDUHEHLQJGHYHORSHGDQGDSSOLHG:HKLJKOLJKWDIHZGLUHFWLRQVZKHUHVP)5(7ZLOOKDYH
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VP)5(7PHDVXUHPHQWVH[FHOLQSURYLGLQJXQLTXHLQVLJKWVLQWRWKHGHWHFWLRQDQGTXDQWL
ILFDWLRQRIFRQIRUPDWLRQDOG\QDPLFV+HUHZHGHILQHFRQIRUPDWLRQDOG\QDPLFVDVWUDQVLWLRQVEH
WZHHQ FRQIRUPDWLRQDO VWDWHV GHILQHG E\ DFWLYDWLRQ EDUULHUV ODUJHU WKDQVRPH YDOXH XVXDOO\ !
N%7RUIOXFWXDWLRQVZLWKLQVWDWHVGHILQHGE\SRWHQWLDOZHOOVEHWZHHQDFWLYDWLRQEDUULHUV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ELQLQJVHYHUDOVP)5(7H[SHULPHQWDOPRGDOLWLHVLWLVSRVVLEOHWRGHWHFWHTXLOLEULXPDQGQRQHTXL
OLEULXPG\QDPLFVRQWLPHVFDOHVDFURVVWZHOYHRUGHUVRIPDJQLWXGHQDQRVHFRQGVWRWKRXVDQGV
RIVHFRQGV)RUG\QDPLFVRQWKHRUGHURIPVRUVORZHUWUDQVLWLRQVEHWZHHQFRQIRUPDWLRQDO
VWDWHVFDQEHGLUHFWO\REVHUYHGXVLQJLPPRELOL]DWLRQEDVHGVP)5(7DSSURDFKHVDVKDYHEHHQ
GHPRQVWUDWHGLQQXPHURXVVWXGLHV=KXDQJHWDO-XHWWHHWDO'HQL]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HWDO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=DUUDELHWDO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H[WUDFWHGIURPWKHGDWD+RZHYHU LW LVFHUWDLQO\SRVVLEOHWKDWDQ LGHQWLILHGVXESRSXODWLRQPD\
UHSUHVHQWUDSLGO\LQWHUFRQYHUWLQJVWDWHVJHQHUDWLQJDVLQJOHWLPHDYHUDJHG)5(7HIILFLHQF\IRU
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)DURRTDQG
+RKOEHLQ )LW]JHUDOG HWDO 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VP)5(7GDWDE\DQDO\]LQJ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VLQJOHSKRWRQFRXQWLQJVWDWLVWLFVW\SLFDOO\RQIUHHO\
GLIIXVLQJPROHFXOHVGHWHFWHGDVWKH\GLIIXVHWKURXJKDFRQIRFDOREVHUYDWLRQYROXPH6HYHUDODS
SURDFKHVKDYHEHHQGHYHORSHGLQFOXGLQJEXUVWYDULDQFHDQDO\VLV%9$7RUHOODHWDO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FKDQQHONHUQHOEDVHGGHQVLW\GLVWULEXWLRQHVWLPDWRU&'(7RPRYHWDO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+RIIPDQQ HW DO 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3LUFKL
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*RSLFKDQG6]DER*RSLFK/HUQHU,QJDUJLRODDQG:HLVV
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0DJGH(OVRQ
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)5(7G\QDPLFVDVIDVWDVDIHZSLFRVHFRQGVFDQ
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1HWWHOV+RIIPDQQ
DQG6FKXOHU6FKXOHUDQG+RIPDQQ:LWKWKHFDSDELOLW\WRGLVWLQJXLVKEHWZHHQGLI
IHUHQWVSHFLHV LQ WKHPHDVXUHPHQWV ILOWHUHG)&6%|KPHU HWDO 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
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0F&DQQHWDO)HOHN\DQHWDO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DSRZHUIXOPHWKRGIRUH[WUDFWLQJWKHUDWHVRIFRQIRUPDWLRQDOWUDQVLWLRQVEHWZHHQWKHGLIIHUHQWVSH
FLHVRUVXESRSXODWLRQVDQGWKHK\GURG\QDPLFUDGLLRIWKHVHVSHFLHVLQRQHJR%\WKDWILOWHUHG
)&6FRXSOHGWR)5(7PD\DVVLVWLQOLQNLQJEHWZHHQFRQIRUPDWLRQDOVWDWHVDQGWKHVWDWXVRIWKHLU
ELQGLQJWRRWKHUELRPROHFXOHVKHQFHOLQNLQJVWUXFWXUHWRIXQFWLRQ,QH[SHULPHQWVRQIUHHO\GLIIXV
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UHJLVWHUHGE\IDVWSRLQWGHWHFWRUVDUHLGHDOO\FRPELQHGVHH)LJXUH%
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IRUDQH[DPSOHVHH)LJ)RULQVWDQFHWKLVLQIRUPDWLRQFDQSRWHQWLDOO\GLVWLQJXLVKEHWZHHQULJLG
DQGIOH[LEOHFRQIRUPDWLRQDOVWDWHV,QIRUPDWLRQUHJDUGLQJWKHIOH[LELOLW\RIDJLYHQFRQIRUPDWLRQFDQ
EH UHWULHYHG IURP WKH DQDO\VHV RI FRQIRUPDWLRQUHODWHG VXEHQVHPEOH IOXRUHVFHQFH GH
FD\V1HXEDXHUHWDO6LVDPDNLVHWDO/HUQHUHWDO5DKDPLPHWDO
*DQVHQHWDO,WLVKRZHYHULPSRUWDQWWRPHQWLRQWKDWWKHGLVWLQFWLRQEHWZHHQG\QDPLFV
ZLWKLQDFRQIRUPDWLRQDOVWDWHDQGG\QDPLFVRIWUDQVLWLRQVEHWZHHQGLIIHUHQWFRQIRUPDWLRQDOVWDWHV
LVVWLOO XQGHUGHEDWHDQGKLJKO\GHSHQGVRQ WKHGHILQLWLRQRIDQDFWLYDWLRQEDUULHU IRUGLIIHUHQW
PRGHVRIVWUXFWXUDOG\QDPLFVDQGLQWKHGLIIHUHQWVP)5(7PRGDOLWLHV
7KHVHH[DPSOHVDUHMXVWWKHWLSRIWKHLFHEHUJ1HZDSSURDFKHVDUHFXUUHQWO\EHLQJGH
YHORSHGWKDWDLPWRLPSURYHWKHTXDQWLILFDWLRQRI)5(7G\QDPLFVLQIRUPDWLRQDVZHOODVSURYLGH
DPHDQVWREHWWHUGLVWLQJXLVKEHWZHHQFRPSOH[PRGHOV2YHUDOOFRQIRUPDWLRQDOG\QDPLFVLVDQ
DUHDLQZKLFKZHIRUHVHHVP)5(7SURYLGLQJVLJQLILFDQWLQVLJKWVLQILHOGVRIELRORJ\WKDWFDQRWK
HUZLVHEHGLIILFXOWWRREWDLQXVLQJRWKHUPHWKRGV7KHXOWLPDWHJRDOLVWRFRPELQHWKHVWUXFWXUDO
DQGG\QDPLF LQIRUPDWLRQ LQRUGHU WRUHGXFH WKHVSDFHRISRWHQWLDOVROXWLRQV IRU WKHXQGHUO\LQJ
VP)5(72SHQ&DOO3RVLWLRQSDSHU

VWUXFWXUHVRIFRQIRUPDWLRQDOVWDWHV)LJDQGWRJDLQGHWDLOHGLQIRUPDWLRQRQNLQHWLFSDWKZD\V
EHWZHHQWKHDVVRFLDWHGVWDWHV

6WUXFWXUDO6WXGLHV
7KH XVH RI VP)5(7
IRU VWUXFWXUDO GHWHUPLQDWLRQ
KDV UHFHQWO\ HPHUJHG0XV
FKLHORNHWDO%UXQJHUHW
DO  7UHXWOHLQ HW DO
 1DJ\ HW DO 
+HOOHQNDPS HW DO 
+ROPVWURPHWDO.LOLFHW
DO<DQH]2UR]FRHWDO
 &UDJJV HW DO 
6DQDEULDHWDO)5(7
EDVHGDSSURDFKHVDUHSDUWLF
XODUO\SRZHUIXOWRVWXG\VWUXF
WXUHVRIODUJHKHWHURJHQHRXV
IOH[LEOHDQGG\QDPLFELRPROH
FXOHV DQG FRPSOH[HV 6WUXF
WXUDO FKDUDFWHUL]DWLRQ XVLQJ
VP)5(7GHULYHGGLVWDQFHUH
VWUDLQWV UHTXLUHV L SUHSDULQJ
DQG PHDVXULQJ PXOWLSOH GR
QRUDFFHSWRU ODEHOHG YDULDQWV
ZLWKPXOWLSOHSDLUVRI ODEHOLQJ
SRVLWLRQV HDFK RI ZKLFK ZLOO
EHFRQVLGHUHGDVRQHUHDFWLRQ
FRRUGLQDWHLLDODUJHQXPEHU
RI FRQWURO H[SHULPHQWV HJ
DFWLYLW\DIWHUODEHOLQJRULPPR
ELOL]DWLRQSKRWRSK\VLFVRIWKH
SUREHV G\H URWDWLRQDO IUHH
GRPDQGLLLQRQWULYLDOWUDQV
IRUPDWLRQV IURP SUR[LPLW\ UD
WLRV XQFRUUHFWHG )5(7 HIIL
FLHQF\ YDOXHV WR FRUUHFWHG
)5(7 HIILFLHQFLHV FRUUHFWHG
IRU GRQRU IOXRUHVFHQFH OHDN
DJH WR WKH DFFHSWRU FKDQQHO
WKHIUDFWLRQRIDFFHSWRUSKRWRQVIROORZLQJLWVGLUHFWH[FLWDWLRQDWWKHZDYHOHQJWKRIWKHGRQRUDQG
QRWH[FLWDWLRQ YLDHQHUJ\ WUDQVIHU DQG WKH LPEDODQFH LQ WKH GRQRUDQGDFFHSWRU IOXRUHVFHQFH
TXDQWXP\LHOGVȰிDQGLQWKHLUGHWHFWLRQHIILFLHQFLHVWRLQWHUG\HGLVWDQFHLQIRUPDWLRQRUHTXLOLEULXPGLVWDQFHGLVWULEXWLRQDQGLQWHUUHVLGXHGLVWDQFHLQIRUPDWLRQ/HUQHUHWDO)DFWRUV
VXFKDVWKHRULHQWDWLRQDO IOH[LELOLW\RI WKHG\HVFKDQJHVRIȰிGXH WRHIIHFWVRI WKH LPPHGLDWHORFDOHQYLURQPHQW LQWKHYLFLQLW\RIWKH ODEHOLQJSRVLWLRQV6WHIIHQ6LJHODQG%|UQHUDQG
XQFHUWDLQWLHVLQWKHUHIUDFWLYHLQGH[EHWZHHQWKHG\HVIXUWKHUFRPSOLFDWHDFFXUDWHGLVWDQFHH[
WUDFWLRQIURPWKHUHVXOWVRIVP)5(7PHDVXUHPHQWV:KLOHFRPSOLFDWLRQVRI WKLVQDWXUHFDQEH
DGGUHVVHGE\DYDULHW\RIPHWKRGVVP)5(7VWXGLHVZLWKPXOWLSDUDPHWHUIOXRUHVFHQFHGHWHFWLRQ
0)'5RWKZHOOHWDO6LVDPDNLVHWDOQDQRVHFRQG$OWHUQDWLQJ/DVHU([FLWDWLRQ
QV$/(;/DXUHQFH HW DO  DQG SXOVHGLQWHUOHDYHG H[FLWDWLRQ 3,(0OOHU HW DO 
)LJ$QH[DPSOHIRUGHULYLQJWKHHQVHPEOHVWUXFWXUHDQGIOH[LELOLW\RIĮ
6\QXFOHLQDKLJKO\IOH[LEOHSURWHLQIURPPXOWLSOHWLPHUHVROYHG)5(7PHDV
XUHPHQWV$±'LVWDQFHGLVWULEXWLRQVDUHUHWULHYHGIURPPXOWLSOH)5(7PHDV
XUHPHQWVZLWKWKHLQWHUG\HGLIIXVLRQFRHIILFLHQW*UXSLDQG+DDV%
±'LVWDQFHGLVWULEXWLRQVIURPPXOWLSOH)5(7PHDVXUHPHQWVDUHXVHGWRFRQ
VWUDLQPRGHOLQJRIWKHHQVHPEOHVWUXFWXUH)HUULHHWDO6LPLODUDQDO
\VHV RI WLPHUHVROYHG IOXRUHVFHQFH GDWD SHU VXESRSXODWLRQ LQ VP)5(7
PHDVXUHPHQWVFRXOGDOVREHXWLOL]HG WRUHWULHYH WKHGLVWDQFHGLVWULEXWLRQ
DQGLWVIOH[LELOLW\SHUHDFKFRQIRUPDWLRQDOVWDWHDVLQ)HUULHHWDO
)LJ$DQG%DUHDGDSWHGIURP*UXSLDQG+DDVDQG)HUULHHWDO
UHVSHFWLYHO\ZLWKSHUPLVVLRQ

VP)5(72SHQ&DOO3RVLWLRQSDSHU

.XGU\DYWVHYHWDOQV$/(;DQG3,(DUHGLIIHUHQWLPSOHPHQWDWLRQVRIWKHVDPHWHFKQLTXH
ZHUHGHYHORSHG WRDLG LQ WKHVHHQGHDYRUVE\DOORZLQJ WKHVLPXOWDQHRXVPRQLWRULQJRI IOXRUHV
FHQFHOLIHWLPHVEULJKWQHVVHVDQGDQLVRWURSLHVORFDOG\HIOH[LELOLW\DQGLQWHUG\HGLVWDQFHGLVWUL
EXWLRQV LQ IDVWH[FKDQJH7KHXQGHUO\LQJ LQIRUPDWLRQRQ WKHGLVWDQFHEHWZHHQ WKHGRQRUDQG
DFFHSWRUODEHOHGUHVLGXHV WREHUHFRYHUHGDQGXVHG LQ LQWHJUDWLYHPRGHOOLQJFDQDOVREHH[
WUDFWHG IURP WLPHUHVROYHG IOXRUHVFHQFH VSHFWURVFRS\ PHDVXUHPHQWV*UXSL DQG +DDV 
.XGU\DYWVHYHWDO2UHYLHWDO'LPXUDHWDO)HUULHHWDO)RUVWUXFWXUDO
PRGHOLQJSURSHUHUURUDQDO\VLVKDVWREHXVHGWKURXJKRXW0XVFKLHORNHWDO0XVFKLHORN
DQG0LFKDHOLV.DOLQLQHWDO+HOOHQNDPSHWDO+RZHYHUDSRVLWLRQSDSHURQ
KRZWRWUDQVIRUPWKHUDZWLPHUHVROYHGGDWDWRDFFXUDWHGLVWDQFHLQIRUPDWLRQKDVQRW\HWEHHQ
SXEOLVKHG:KLOHDQDO\VLVPHWKRGVDSSURSULDWHPRGHOVDQGWKHGLVFXVVLRQRISRWHQWLDOVKRUWFRP
LQJVRI)5(7DSSOLFDWLRQVWRVWUXFWXUDOVWXGLHVKDYHEHHQZHOOHVWDEOLVKHGE\YDULRXVJURXSVLQ
WKHILHOG*ULQYDOG+DDVDQG6WHLQEHUJ+RFKVWUDVVHU&KHQDQG0LOODU0XVFKLHORN
HWDO+HOOHQNDPSHWDO+ROPVWURPHWDO,QJDUJLROD:HLVVDQG/HUQHU
WKHPHFKDQLVPVIRUGLVVHPLQDWLQJDQGDFFHVVLQJWKHUDZGDWDDQGWHFKQLTXHVHPSOR\HGIRUWLPH
UHVROYHGHQVHPEOHVXEHQVHPEOHDQGVLQJOHPROHFXOHPHDVXUHPHQWVUHTXLUHVIXUWKHULPSURYH
PHQWHJWRPHHWUHTXLUHPHQWVRIWKHZZ3'%7KHDERYHPHQWLRQHGGHYHORSPHQWVDVZHOODV
RWKHUVDUHH[SHFWHGWRDVVLVWLQVWXG\LQJFRQIRUPDWLRQDOG\QDPLFVRIELRPROHFXOHV6HFWLRQZLOO
GLVFXVVWKHVHLQPRUHGHWDLO

+\EULG0HWKRGVIRU,PDJLQJ
6P)5(7FDQDOVRPDNHDELJLPSDFWZKHQFRPELQHGZLWKRWKHUDSSURDFKHV)RUH[DP
SOH WKHFRPELQDWLRQRIVP)5(7ZLWKGDWDIURPVWLPXODWHGHPLVVLRQGHSOHWLRQ67('PLFURV
FRS\+HOODQG:LFKPDQQ.ODUHWDOSURYLGHVPRUHGHWDLOHG'LQIRUPDWLRQ.LPHW
DO*QWKHUHWDO7DUGLIHWDO7KHFRPELQDWLRQRIIOXRUHVFHQFHLPDJLQJZLWK
VSHFWURVFRS\PDNHVLWSRVVLEOHWRGHWHFWPRUHVSHFLHVZLWKLQDSL[HORIDQLPDJHH[SDQGLQJWKH
LQIRUPDWLRQ WKDWFDQEHH[WUDFWHG IURPVXFKDQH[SHULPHQW&RUUHODWLYH LPDJLQJZLWKHOHFWURQ
PLFURVFRS\IOXRUHVFHQFHDQGVP)5(76FKLUUD-UDQG=KDQJDOVRKDVWKHSRWHQWLDO WR
DOORZWKHUHFRJQLWLRQRIGLIIHUHQWVXESRSXODWLRQVLQWKHVDPSOHZKLFKFDQWKHQEHVHSDUDWHGIRU
SDUWLFOHUHFRQVWUXFWLRQV&ROOLQVRQDQG9HUNDGH

,QFHOOVP)5(7
6HYHUDOJURXSVKDYHVKRZQWKDWVP)5(7FDQEHSHUIRUPHGLQOLYHEDFWHULDODQGHXNDU\
RWLFFHOOVE\XVLQJ LQYLWUR ODEHOHGELRPROHFXOHVWKDWFDQEHLQWHUQDOL]HGLQWKHFHOOVE\VHYHUDO
PHDQVLQFOXGLQJHOHFWURSRUDWLRQDQGPLFURLQMHFWLRQ(OHFWURSRUDWLRQUHOLHVRQWUDQVLHQWIRUPDWLRQ
RISRUHVLQWKHFHOOPHPEUDQHZKLFKDOORZODEHOHGELRPROHFXOHVWRHQWHUWKHFHOODQGJHWWUDSSHG
LQVLGHDVWKHSRUHVFORVHFHOOZDVKLQJLVUHTXLUHGSULRUWRLPDJLQJWRUHPRYHDQ\QRQLQWHUQDOL]HG
PROHFXOHVDQGWKHHIILFLHQF\RIORDGLQJLVWXQDEOHGXHWRLWVGHSHQGHQFHRQWKHDSSOLHGYROWDJH
(OHFWURSRUDWLRQKDVEHHQVKRZQWRZRUNZHOOIRUWKHLQWHUQDOL]DWLRQRIVV'1$GV'1$DQGSUR
WHLQVLQWREDFWHULDDQG\HDVW3ORFKRZLHW]&UDZIRUGDQG.DSDQLGLV6XVWDUVLFHWDO
$3ORFKRZLHW]HWDO&UDJJVHWDO)XUWKHUZRUNKDVVKRZQWKDWW51$LVDOVRLQWHU
QDOL]HGHIILFLHQWO\DQGFDQEHXVHGWRVWXG\WKHF\FOHRIW51$XWLOL]DWLRQEHIRUHDQGGXULQJ51$
WUDQVODWLRQ$QQH3ORFKRZLHW]HWDO9RONRYHWDO7KHDSSURDFKLVDPHQDEOHWRSUR
WHLQLQWHUQDOL]DWLRQDQGERWKWKHVWUXFWXUHDQGDFWLYLW\RILQWHUQDOL]HGSURWHLQVFDQEHSUHVHUYHG
)XUWKHUSURJUHVVLQWKLVILHOGZLOOGHSHQGRQDYRLGLQJWKHQHHGIRUHOHFWURSRUDWLRQE\XVLQJ
FHOOSHUPHDEOHG\HVIRUODEHOLQJXQQDWXUDODPLQRDFLGVZLWKIOXRURSKRUHVWKDWFDQVHUYHDVFRP
SOHPHQWDU\SUREHVIRU)5(76XVWDUVLFDQG.DSDQLGLV)XUWKHUPRUHLWLVKLJKO\GHVLUDEOH
WRILQGZD\VWRV\QFKURQL]HLQYLYRFKHPLFDOUHDFWLRQVVLQFHWKLVZRXOGDOORZIDVWUHDFWLRQVWREH
REVHUYHG7KHXVHRIFDJLQJJURXSVDQGFKHPLFDODJHQWVWKDWFDQDIIHFWJHQHH[SUHVVLRQFDQ
KHOSLQWKLVUHJDUG)LQDOO\DVZLWKPDQ\H[SHULPHQWVLQVPDOOFHOOVVXFKDVEDFWHULDDZD\WR
FRQWUROWKHQXPEHURI)5(7SDLUVDQGWRVORZGRZQSKRWREOHDFKLQJZLOOKHOSLQWKHFROOHFWLRQRI
VP)5(72SHQ&DOO3RVLWLRQSDSHU

ODUJHVWDWLVWLFDOGDWDVHWVZLWKORQJREVHUYDWLRQWLPHVDQGKHQFHDZD\WRSUREHPDQ\PLQXWH
WLPHVFDOHSURFHVVHVLQWKHLUQDWXUDOHQYLURQPHQW+HOODQG:LFKPDQQ.ODUHWDO.LP
HW DO  0LFURLQMHFWLRQ RI ODEHOHG PROHFXOHV LV DQ DOWHUQDWLYH DSSURDFK HVSHFLDOO\ IRU
VP)5(7LQOLYHHXNDU\RWLFFHOOVDQGKDVEHHQGHPRQVWUDWHGWR\LHOGVWUXFWXUDOLQIRUPDWLRQDQG
G\QDPLFVIURPQDQRVHFRQGVWRPLOOLVHFRQGV6DNRQDQG:HQLQJHU.|QLJHWDO

&RPELQLQJVP)5(7ZLWKRWKHUIOXRUHVFHQFHPHWKRGV
6HYHUDOJURXSVKDYHFRPELQHGVP)5(7ZLWKSURWHLQLQGXFHGIOXRUHVFHQFHHQKDQFHPHQW
3,)(+ZDQJ.LPDQG0\RQJ+ZDQJDQG0\RQJ/HUQHUHWDO3ORHW]HWDO
SKRWRLQGXFHGHOHFWURQWUDQVIHU3(7+DHQQLHWDOTXHQFKDEOH)5(7&RUGHVHW
DODQGVWDFNLQJLQGXFHGIOXRUHVFHQFHLQFUHDVH6,),0RUWHQ6WHLQPDUNDQG0DJHQQLV
WRH[SDQGWKHUXOHU¶VGLVWDQFHG\QDPLFUDQJHPRVWO\WRZDUGVVKRUWHUGLVWDQFHV7KHDG
YDQWDJHVRIFRPELQLQJVP)5(7ZLWKRWKHUIOXRUHVFHQFHEDVHGUXOHUVLVREYLRXV±JDLQLQJPRUH
VSDWLDOLQIRUPDWLRQRQELRPROHFXODUV\VWHPVEHLQJPHDVXUHGDVZHOODVLQIRUPDWLRQRQSRVVLEOH
V\QFKURQL]DWLRQVEHWZHHQWKHV\VWHPV¶GLIIHUHQWSDUWVDQGEHWZHHQGLIIHUHQWPRGHVRIPRWLRQ
)RUH[DPSOHXVLQJ3,)( FRPELQHG ZLWK VP)5(7 LWZDVSRVVLEOH WR FRUUHODWH FHUWDLQ FRQIRU
PDWLRQVRIWKH'1$EXEEOHGXULQJWUDQVFULSWLRQLQLWLDWLRQDVDVVRFLDWHGZLWKWKHH[WUXVLRQRISUR
PRWRUQRQWHPSODWHEDVHVRXWVLGHWKHWUDQVFULSWLRQFRPSOH[3ORHW]HWDO$GYDQFHPHQWV
RIWKHVHK\EULGH[SHULPHQWDODSSURDFKHVZLOOLQWURGXFHEHWWHUGDWDDQDO\VLVVFKHPHVDVZHOODV
DEURDGHUYDULHW\RIVXLWDEOHG\HV

&RPELQLQJVP)5(7ZLWKQDQRPDQLSXODWLRQPHWKRGV
6HYHUDO JURXSVKDYHFRPELQHGVP)5(7ZLWK YDULRXVPDQLSXODWLRQPHWKRGV LQFOXGLQJ
RSWLFDOWZHH]HUV+RKQJHWDOPDJQHWLFWZHH]HUV6ZRERGDHWDO/RQJ3DUNVDQG
6WRQHWHWKHUHGSDUWLFOHPRWLRQ730WRLQWURGXFHWKHUHODWHGPHWKRGVRIWHWKHUHGIOXRU
RSKRUH PRWLRQ7)0 0D\ HW DO  DQWL%URZQLDQ HOHFWURNLQHWLF $%(/ WUDS:LOVRQ DQG
:DQJDQGIRUFHVSHFWURVFRS\E\'1$RULJDPL1LFNHOVHWDO/LPLWDWLRQVRIWKHVH
DSSURDFKHVLQFOXGHWKHOLPLWHGUHVROXWLRQRI7)0ZLWKUHJDUGWR'1$WUDQVORFDWLRQDVRSSRVHG
WRRSWLFDODQGPDJQHWLF WZHH]HUPHWKRGV2Q WKHRWKHUKDQGSKRWREOHDFKLQJ LV LQFUHDVHG LQ
RSWLFDOWZHH]HUH[SHULPHQWVGXHWRWKHXVHRIDKLJKSRZHU,5ODVHUDQGWKHSUHVHQFHRIWKH
EHDGVXVHGIRUWKHQDQRPDQLSXODWLRQFUHDWHVVLJQLILFDQWIOXRUHVFHQFHEDFNJURXQG)XUWKHUSUR
JUHVVLQWKHVHFRPELQHGPDQLSXODWLRQPHWKRGVZLOOUHTXLUHKLJKSKRWRQFRXQWVFRPELQHGZLWK
PHDQVWRGHOD\SKRWREOHDFKLQJWRLQFUHDVHWKH7)0UHVROXWLRQZLWKWUDQVORFDWLRQRQ'1$

VP)5(7EHWZHHQPXOWLSOHFKURPRSKRUHV
)RUVWUXFWXUDOVWXGLHVWKHOLPLWDWLRQVRIWKHVLQJOHGLVWDQFHUHDGRXWSURYLGHGE\VLQJOHSDLU
)5(7LVRYHUFRPHE\PHDVXULQJPDQ\GLVWDQFHVLQVHSDUDWHH[SHULPHQWV0F&DQQHWDO
'LPXUDHWDO/HUQHU,QJDUJLRODDQG:HLVV,IWKHELRPROHFXOHLVIRXQGLQPXOWLSOH
FRQIRUPDWLRQDOVWDWHVKRZHYHUWKHQLWLVFKDOOHQJLQJWRDVVLJQWKHREVHUYHGVSHFLHVLQVP)5(7
WRWKHVWUXFWXUDOVWDWHVRUWRGHWHFWFRRUGLQDWHGFRQIRUPDWLRQDOFKDQJHVXQDPELJXRXVO\%\PHDV
XULQJ WKH WUDQVIHURIH[FLWDWLRQHQHUJ\EHWZHHQWKUHHRUPRUHVSHFWUDOO\GLIIHUHQWIOXRURSKRUHV
PXOWLSOHGLVWDQFHVDUHREWDLQHGVLPXOWDQHRXVO\DQGWKHFRUUHODWLRQRIWKHGLVWDQFHVLVUHYHDOHG
)ROORZLQJHDUO\HQVHPEOHLPSOHPHQWDWLRQV+RUVH\HWDO5DPLUH]&DUUR]]LDQG.HUSSROD
+DXVWHLQ-DKQ]DQG6FKZLOOH:DWURE3DQDQG%DUNOH\<LPHWDO
WKUHHDQGIRXUFRORU)5(7H[SHULPHQWVKDYHEHHQDSSOLHGWRYDULRXVVWDWLF&ODPPHDQG'HQL]
/HHHWDO6WHLQ6WHLQKDXHUDQG7LQQHIHOGDQGG\QDPLFV\VWHPV+RKQJ-RR
DQG+D/HHHWDO/HH/HHDQG+RKQJ5DW]NH+HOOHQNDPSDQG+XJHO
*|W]HWDO:DVVHUPDQHWDO9XãXURYLüHWDO0RUVHHWDODWWKHVLQJOH
PROHFXOHOHYHO)5(7WRPDQ\DFFHSWRUVKDVDOVREHHQUHSRUWHG8SKRIIHWDO0XOWLFRORU
)5(7H[SHULPHQWVKRZHYHUUHPDLQFKDOOHQJLQJGXHWRWKHKLJKHUVSHFWUDORYHUODSEHWZHHQWKH
GLIIHUHQWIOXRURSKRUHVDQGWKHXVHRI89RU1,5G\HVZLWKOHVVRSWLPDOIOXRUHVFHQFHSURSHUWLHV
VP)5(72SHQ&DOO3RVLWLRQSDSHU

'HVSLWHDGYDQFHVLQWKHGHYHORSPHQWRIRUWKRJRQDOODEHOLQJDSSURDFKHV0LOOHV.RHKOHUHWDO
0LOOHV7\DJLHWDO LWDOVRUHPDLQVFKDOOHQJLQJWRDWWDFKPXOWLSOHIOXRURSKRUHVWR
VSHFLILFVLWHV LQSURWHLQV(VSHFLDOO\ IRUGLIIXVLRQEDVHGH[SHULPHQWV WKH LQFUHDVHGVKRWQRLVH
KLJKHUFRUUHFWLRQ IDFWRUVDQGPRUHFRPSOH[)5(7HIILFLHQF\FDOFXODWLRQVKDYH OLPLWHGDPRUH
ZLGHVSUHDGDSSOLFDWLRQRIPXOWLFRORU)5(7DSSURDFKHV5HFHQWDGYDQFHVLQFOXGHWKHGHYHORS
PHQWRIDSKRWRQGLVWULEXWLRQDQDO\VLVIRUWKUHHFRORU)5(7WRH[WUDFWWKUHHGLPHQVLRQDOGLVWDQFH
GLVWULEXWLRQV%DUWK9RLWKYRQ9RLWKHQEHUJDQG/DPEDQGDPD[LPXPOLNHOLKRRGDSSURDFK
DSSOLHGWRWKHVWXG\RIIDVWSURWHLQIROGLQJ<RRHWDO)XUWKHUSURJUHVVLQPXOWLSOHFKURPR
SKRUHVVP)5(7ZLOO UHTXLUHH[SDQGLQJWKHDELOLW\ WRZRUN LQWKHQHDU LQIUDUHGZKLFKUHTXLUHV
EHWWHU IOXRURSKRUHVDQGGHWHFWRUV LQ WKDW UHJLRQ DQGZD\V WR XVHDQDO\VLV RI VLQJOHPROHFXOH
VSHFWUD/DFRVWHHWDOZKLFKPD\EHPRUHHIILFLHQWWKDQVSOLWWLQJWKHIOXRUHVFHQFHLQWR
RULQGLYLGXDOFKDQQHOV

VP)5(7ZLWKQDQRPDWHULDOV
5HFHQWO\ HPHUJLQJ VWUXFWXUDOO\ V\QWKHVL]HG DQG WDUJHW VSHFLILF QDQRPDWHULDOV VXFK DV
4XDQWXPGRWV4'V-DPLHVRQHWDODQG$JJUHJDWLRQ,QGXFHG(PLVVLRQ$,(QDQRSDUWL
FOHV+RQJ/DPDQG7DQJKDYHJLYHQWKHRSSRUWXQLW\WRLPSOHPHQWFKHPLFDOO\HQJLQHHUHG
IOXRURSKRUHVZLWKZLGHDSSOLFDWLRQVLQVWUXFWXUDOELRORJ\LQYHVWLJDWLRQVDQGVSHFLILFDOO\LQ)5(7
UHODWHGDSSOLFDWLRQV0HGLQW]HWDO2KHWDO6KLHWDO6ROHLPDQLQHMDGHWDO
2QWKHRWKHUKDQGVP)5(7PHDVXUHPHQWVRIWKHVHV\QWKHWL]HGPDWHULDOVDUHDOVRFKDO
OHQJLQJ6ROHLPDQLQHMDGHWDO7KHDGMXVWDEOHDQGQDQRHQYLURQPHQWVSHFLILFIOXRUHVFHQFH
HPLVVLRQVRI$,(QDQRSDUWLFOHV13V+RQJ/DPDQG7DQJPDNHLWDUGXRXVWRFDOFXODWH
WKHFRHIILFLHQWVIRUWKHVHG\HVUHTXLUHGLQVP)5(7PHDVXUHPHQWVVP)5(7LQYHVWLJDWLRQVZLWK
V\QHVWKHWLF4'VDQG$,(13VDUHDOVRSDUWLFXODUGLIILFXOWWRGHFLSKHUGXHWRFRPSOH[SKRWRSK\VLFV
DQGHOHFWURG\QDPLFVSURSHUWLHV&OHDUVP)5(7H[SORUDWLRQRIWKHVHGLVWLQFWQDQRPDWHULDOVDUH
QRWFRPSUHKHQVLYHO\UHYLHZHGDQGDYDLODEOH LQ OLWHUDWXUHDOWKRXJKWKHLUDSSOLFDWLRQVDUHH[SR
QHQWLDOO\JURZLQJLQPDQ\ILHOGV


2XWVWDQGLQJFKDOOHQJHVRIVP)5(7DVDTXDQWLWDWLYHVWUXFWXUDOWRRO
:KHQXVLQJVP)5(7H[SHULPHQWVIRUVWUXFWXUDOVWXGLHVPDQ\VWHSVQHHGWREHWDNHQWR
FRQYHUW WKH UDZGDWD SKRWRQVGHWHFWHGDQG UHJLVWHUHGE\ WKHGHWHFWRUV WRDEVROXWH LQWHUG\H
GLVWDQFHPHDVXUHV$UHFHQWFRPPXQLW\ZLGHURXQGURELQWHVWRXWOLQHGEHORZLQGLFDWHVKRZFUX
FLDOWKHVHVWHSVDUHWRREWDLQFRPSDUDEOHUHVXOWVLQGLIIHUHQWODERUDWRULHV$VDFRPPXQLW\ZHDUH
ZRUNLQJ RQ GHILQLQJ YLDEOH SURFHGXUHV IRUH[WUDFWLQJ DEVROXWH )5(7 HIILFLHQFLHV FRUUHFWO\ DQG
WKHUHE\WKHDELOLW\WR\LHOGSUHFLVHDQGDFFXUDWHLQWHUG\HGLVWDQFHLQIRUPDWLRQ6RPHRIWKHIXWXUH
FKDOOHQJHVLQFOXGH

'HWHUPLQDWLRQRIWKH)|UVWHU'LVWDQFH
,Q)5(7WKHH[FLWDWLRQHQHUJ\RIWKHGRQRUIOXRURSKRUHLVWUDQVIHUUHGWRDQDFFHSWRUIOXRU
RSKRUHYLDGLSRODUFRXSOLQJ&RQVLGHULQJDVLQJOHGRQRUDFFHSWRUGLVWDQFH5'$WKHHIILFLHQF\(
RIWKLVQRQUDGLDWLYHWUDQVIHUSURFHVVVFDOHVZLWKWKHVL[WKSRZHURI5'$QRUPDOL]HGE\WKH)|UVWHU
GLVWDQFH5(T ܧ ൌ ଵଵାቀೃವಲೃబ ቁల  (T
+RZHYHULQVP)5(7VWXGLHVG\HVDUHXVXDOO\FRXSOHGWRWKHELRPROHFXOHVYLDORQJIOH[LEOHOLQN
HUVZKLFKUHVXOWVLQDQHTXLOLEULXPGLVWULEXWLRQRI5'$YDOXHVS5'$,QWKLVFDVHRQHPD\RE
VHUYHDPHDQ)5(7HIILFLHQF\ۦ(ۧUHODWHGWRWKHPHDQ)5(7DYHUDJHGRYHUDOOGLVWDQFHSURED
ELOLWLHV(T
VP)5(72SHQ&DOO3RVLWLRQSDSHU

ۃܧۄ ൌ ׬ ௣ሺோವಲሻଵାቀೃವಲೃబ ቁల ܴ݀஽஺ஶ଴   (T
$OWHUQDWLYHO\RQHPD\REVHUYHDPHDQ)5(7HIILFLHQF\ۦ(ۧUHODWHGWRD)5(7DYHUDJHGDSSDUHQW
GRQRUDFFHSWRUGLVWDQFHۦ5'$ۧ(LQ(T.DOLQLQHWDO
5(TWKH5'$DWZKLFKRIWKHGRQRUH[FLWDWLRQHQHUJ\LVWUDQVIHUUHGWRWKHDF
FHSWRUIOXRURSKRUH5GHSHQGVRQRWKHUSDUDPHWHUVLQFOXGLQJWKHGRQRUIOXRUHVFHQFHȰிǡ஽WKH
RYHUODS EHWZHHQ WKH QRUPDOL]HG GRQRU HPLVVLRQ VSHFWUXPܨത஽ሺߣሻ DQG WKH DFFHSWRU H[FLWDWLRQVSHFWUXPZLWKH[WLQFWLRQFRHIILFLHQWİ$ȜWKHUHODWLYHRULHQWDWLRQRIWKHG\HGLSROHVFDSWXUHGE\
WKHRULHQWDWLRQIDFWRUțDQGWKHUHIUDFWLYHLQGH[LQWKHPHGLXPQLPLQZKLFKWKHG\HVDUHHPEHG
GHG(T ܴ଴ ൌ ൬ଽ௟௡ሺଵ଴ሻ఑మ஍ಷǡವଵଶ଼గఱேಲ௡೔೘ర ׬ܨത஽ሺߣሻߝ஺ሺߣሻߣସ݀ߣ൰భల   (T
ZKHUH1$LV$YRJDGUR¶VQXPEHU7KHIROORZLQJVHFWLRQGHVFULEHVWKHIDFWRUVWKDWLQIOXHQFH5DQG
)5(7LQGHWDLO

7KHH[WLQFWLRQFRHIILFLHQWİ2QHLPSRUWDQWSDUDPHWHUWKDWIHHGVLQWRWKHGLVWDQFHPHDVXUHPHQW
LVWKHH[WLQFWLRQFRHIILFLHQWRIWKHDFFHSWRUG\HYLDLWVHIIHFWVRQWKH)|UVWHUGLVWDQFHDQGRQWKH
H[SHFWHGH[FLWDWLRQUDWHLQ$OWHUQDWLQJ/DVHU([FLWDWLRQ3XOVHG,QWHUOHDYHG([FLWDWLRQ$/(;3,(
H[SHULPHQWV,QWKHDEVHQFHRIDQHDV\RUDIIRUGDEOHZD\WRPHDVXUHWKLVSDUDPHWHULWUHTXLUHV
ODUJHDPRXQWVRIG\HIRUJUDYLPHWULFDQDO\VLVWKHH[SHULPHQWHUW\SLFDOO\UHOLHVRQWKHYDOXHJLYHQ
E\WKHPDQXIDFWXUHU)RUWXQDWHO\WKLVIDFWRUGRHVQRWXVXDOO\YDU\GHSHQGLQJRQWKHHQYLURQPHQW
RIWKHIOXRURSKRUHV+RZHYHUDVDQH[DPSOHWKHH[WLQFWLRQFRHIILFLHQWRIVRPHRIWKHSRSXODU
RUJDQLFG\HVKDYHEHHQFKDQJHGE\WKHPDQXIDFWXUHULQWKHSDVW\HDUVDIHZWLPHV$OWHUQDWLYHO\
WKH H[WLQFWLRQ FRHIILFLHQW RI G\HV PD\ EH WKHRUHWLFDOO\ DVVHVVHG YLD WKH 6WULFNOHU%HUJ HTXD
WLRQ6WULFNOHUDQG%HUJXVLQJ WKH IOXRUHVFHQFHTXDQWXP\LHOGDQG OLIHWLPH6LQFH WKHVH
TXDQWLWLHVFDQEHUHDGLO\DFKLHYHGIURPWLPHUHVROYHGIOXRUHVFHQFHPHDVXUHPHQWVLQGLUHFWO\RU
GLUHFWO\IURPQV$/(;RU3,(PHDVXUHPHQWV LWPLJKWVHUYHDVDQLQWHUHVWLQJURXWHIRUDWWDLQLQJ
DFFXUDWHYDOXHVRIWKHDFFHSWRUH[WLQFWLRQFRHIILFLHQW
7KHIOXRUHVFHQFHTXDQWXP\LHOGȰி$QRWKHUSDUDPHWHUWKDWLVRIWHQRYHUORRNHGLVWKHSURSHUGHWHUPLQDWLRQRIȰி7KHȰிRIWHQWLPHVFKDQJHVXSRQODEHOLQJDQGFDQEHVHQVLWLYHWRWKHODEHOLQJORFDOSRVLWLRQDQGWRWKHFRQIRUPDWLRQDOVWDWHRIWKHPROHFXOH(YHQG\HVWKDWDUHFRQVLGHUHG
UHODWLYHO\LQVHQVLWLYHWRWKHLUORFDOHQYLURQPHQWKDYHEHHQVKRZQWRH[KLELWDODUJHUDQJHLQIOXR
UHVFHQFH4<XSRQFRQMXJDWLRQWRQXFOHLFDFLGVRUSURWHLQVHJ&\%ZLWKȰிRIRUUHVSHFWLYHO\&UDJJVHWDORUHYHQZKHQODEHOLQJGLIIHUHQWQXFOHLFDFLGEDVHVZLWKWKHVDPH
G\H HJ &\%Ȱி YDOXHV UDQJLQJ IURP  WR  RYHU  GLIIHUHQW ODEHOLQJ SRVLWLRQV RQGV'1$/HUQHU,QJDUJLRODDQG:HLVVOHDGLQJWRFRQVLGHUDEOHYDULDWLRQVLQWKHYDOXHVRI
5HJIRUWKHSDLU&\%$7721GLIIHUHQWODEHOLQJSRVLWLRQVRQGV'1$OHDGWRYDOXHVUDQJ
LQJEHWZHHQcDQGc/HUQHU,QJDUJLRODDQG:HLVV,QDGGLWLRQWKHIOXRUHVFHQFH
OLIHWLPHVDQGUHVLGXDODQLVRWURSLHVRIWKHWZRFRXSOHGG\HV$OH[DDQG$OH[DZHUHDQD
O\]HGIRUILYHGLVWLQFWSURWHLQVZLWKDOWRJHWKHU ODEHOLQJVLWHV3HXOHQ2SDQDV\XNDQG6HLGHO
7KH IOXRUHVFHQFH HQKDQFHPHQW RI F\DQLQHEDVHG $OH[D FRUUHODWHG ZHOO ZLWK DQ LQ
FUHDVHRIWKHG\H
VUHVLGXDODQLVRWURS\WKDWFRXOGSRWHQWLDOO\EHLQGLFDWLYHIRUG\HVSHFLHVWUDSSHG
RQWKHSURWHLQVXUIDFH+RZHYHU$OH[DDYDULDQWRI&\H[KLELWVH[FLWHGVWDWHLVRPHUL]D
WLRQ:LGHQJUHQHWDO :KLWHHWDO  ,QVXFKG\HV WKH UDWHRI SKRWRLVRPHUL]DWLRQ
LQIOXHQFHVWKHLUDYHUDJHIOXRUHVFHQFHOLIHWLPHVDQGWKLVLVLQPDQ\FDVHVFRUUHODWHGZLWKDFRU
UHVSRQGLQJFKDQJHLQWKHIOXRUHVFHQFHUHVLGXDODQLVRWURS\6DQERUQHWDO7KHUHIRUHDQ
RWKHUSRVVLEOHLQWHUSUHWDWLRQIRUWKHREVHUYHGGLIIHUHQFHVLQ$OH[DIOXRUHVFHQFHOLIHWLPHVFRU
UHODWHGZLWKWKHIOXRUHVFHQFHUHVLGXDODQLVRWURSLHVZRXOGEHSURWHLQVWUXFWXUDOFKDQJHVLQGXFLQJ
VP)5(72SHQ&DOO3RVLWLRQSDSHU

FKDQJHLQWKHUDWHRISKRWRLVRPHUL]DWLRQ,QVXPPDU\LQGHSHQGHQWGHWHUPLQDWLRQRIȰிIRUWKHGLIIHUHQWODEHOOLQJSRVLWLRQV/HUQHU,QJDUJLRODDQG:HLVV&UDJJVHWDORUDSSURSUL
DWHVLPXODWLRQVDUHDGYLVDEOH
5HIUDFWLYH LQGH[ QLP6RPHWLPHVDQ LQWHUPHGLDWHYDOXHRI LV WDNHQEHWZHHQ WKH LQGH[RI
UHIUDFWLRQRIEXIIHUDQGWKDWIRUSURWHLQVDQG'1$a7KLVDSSURDFKUHGXFHVWKHPD[
LPDOHUURULQ5WRa&OHJJ,QJDUJLROD6HJDOHWDO+RZHYHUGLIIHUHQWYDOXHV
PD\EHPRUHDSSURSULDWHGHSHQGLQJRQWKHJHRPHWU\RIWKHIOXRURSKRUHV7RGDWHWKHUHIUDFWLYH
LQGH[KDVUHFHLYHGYHU\OLWWOHDWWHQWLRQLQWKHILHOG.QR[DQGYDQ$PHURQJHQ
7KHG\HRULHQWDWLRQIDFWRUț7KLVSDUDPHWHUGHVFULEHVWKHUHODWLYHRULHQWDWLRQRIWKHG\HVDQG
VWURQJO\GHSHQGVRQWKHPRGHODVVXPSWLRQVIRUG\HPRELOLW\6LQFHLQ)5(7WKHGRQRUH[FLWDWLRQ
HQHUJ\LVWUDQVIHUUHGWRWKHDFFHSWRUDIWHUDIHZKXQGUHGVRISLFRVHFRQGVRUDIHZQDQRVHFRQGV
GXULQJZKLFKWKHG\HV¶RULHQWDWLRQVFRXOGFKDQJHWKHPHDQYDOXHRIWKHRULHQWDWLRQDOIDFWRU LV
W\SLFDOO\WDNHQ$ZHOONQRZQDVVXPSWLRQWKDWLVRIWHQPDGHLVWKDWWKHWLPHLWWDNHVWKHURWDWLRQ
RI WKHG\HVDERXW WKHLUERQGVWRUHDFK LVRWURS\ LVIDVWHUWKDQ WKHZDLWLQJ WLPHIRU WKHGRQRU WR
WUDQVIHULWVH[FLWDWLRQWRWKHDFFHSWRU)RUIUHHUDSLGO\URWDWLQJG\HVWKHRULHQWDWLRQIDFWRUFDQEH
DSSUR[LPDWHGE\WKHLVRWURSLFPHDQYDOXHRIț! +RZHYHULWPD\ZHOOEHWKDWRQHRIWKH
G\HVLVQRWIUHHO\URWDWLQJLQWLPHVFDOHVIDVWHUWKDQWKHGRQRUIOXRUHVFHQFHOLIHWLPHLWPD\LQVWHDG
EHLQWHUDFWLQJZLWKLWVPLFURHQYLURQPHQW$PHWKRGWRHVWLPDWHWKHORZHUDQGXSSHUERXQGVIRU
ț!IURPWKHGRQRUDQGDFFHSWRUWLPHUHVROYHGDQLVRWURSLHVKDGEHHQSURSRVHGDOUHDG\LQWKH
¶V'DOH(LVLQJHUDQG%OXPEHUJ:LWKWKLVDSSURDFKLWLVSRVVLEOHWRTXDQWLWDWLYHO\
HVWLPDWHWKHYDOXHRIț!RUDWOHDVWWRHVWLPDWHWKHXQFHUWDLQW\LQ)5(7GXHWRXQFHUWDLQW\LQ
ț!,QVP)5(7PHDVXUHPHQWVXVLQJWKHSRODUL]DWLRQUHVROYHG0)'PRGDOLW\ LQIRUPDWLRQRQ
WKHGRQRUDQGDFFHSWRUIOXRUHVFHQFHLQWHQVLWLHVOLIHWLPHVDQGDQLVRWURSLHVDUHFROOHFWHGVLPXOWD
QHRXVO\DQGIOXRUHVFHQFHDQLVRWURS\GHFD\VRIGLIIHUHQWVLQJOHPROHFXOHSRSXODWLRQVFDQEHXVHG
WRDVVHVV WKHț!XQFHUWDLQW\SHUFRQIRUPDWLRQDOVWDWH+RZHYHU WKH UDQJHRISRVVLEOH ț!
YDOXHVFRXOGVWLOOEHH[SODLQHGE\DYDULHW\RIGLIIHUHQWG\HPRGHOV6HYHUDOG\HPRGHOLQJDS
SURDFKHVDUHQRZDYDLODEOHWRPLWLJDWHWKLVSRWHQWLDOSLWIDOO0XVFKLHORNHWDO.DOLQLQHWDO
%HFNHUVHWDO'LPXUDHWDO,WLVQRWHZRUWK\WKDWWKHPDMRULW\RIIOXRURSKRUHV
XVHGDVGRQRUDQGDFFHSWRUG\HVLQVP)5(7KDYHH[SRQHQWLDOIOXRUHVFHQFHGHFD\VDQGKHQFH
KDYHRQHPDMRUHPLVVLRQGLSROH,QWKHVHFDVHVWKHHVWLPDWLRQRIț!GHSHQGVRQWKHRULHQWDWLRQ
RIWKHVHVLQJOHGLSROHV,WKDVEHHQSURSRVHGWKDWWKHDVVXPSWLRQRIț! ZRXOGFDUU\PXFK
OHVVXQFHUWDLQW\LQFDVHVZKHUHWKHIOXRUHVFHQFHVLJQDOLVHPDQDWLQJIURPPRUHWKDQRQHHPLV
VLRQGLSROH\LHOGLQJQRQH[SRQHQWLDOGHFD\V+DDV.DWFKDOVNL.DW]LUDQG6WHLQEHUJ7KLV
LVDQLQWULJXLQJLGHDWKDWFRXOGKHOSVLPSOLI\WKHWUDQVIRUPDWLRQRI)5(7HIILFLHQFLHVWRGLVWDQFH
LQIRUPDWLRQWDNLQJLQWRDFFRXQWDUHDOLVWLFHVWLPDWLRQIRUț
)LQDOO\ZHQRWHWKDWFRPPXQLW\ZLGHUHFRPPHQGHGURXWLQHVWRGHWHUPLQHWKH)|UVWHUGLV
WDQFHDFFXUDWHO\DUHVWLOOXQGHUGLVFXVVLRQ

&RQYHUVLRQIURP)5(7HIILFLHQF\LQWRGLVWDQFHV±7KHFKRLFHRIDSURSHUG\HPRGHO
7KH)|UVWHUHTXDWLRQGHVFULEHGDERYH(TDOORZVWKHH[WUDFWLRQRIDGLVWDQFHGLUHFWO\
IURPD)5(7HIILFLHQF\PHDVXUHPHQWRQO\LIWKHSRVLWLRQVDQGRULHQWDWLRQVRIWKHGRQRUDQGWKH
DFFHSWRUPROHFXOHVDUHFRQVWDQW+RZHYHU VLQFH G\H PROHFXOHVDUH W\SLFDOO\DWWDFKHG WR WKH
PDFURPROHFXOHVYLD IOH[LEOH OLQNHUV WKLV LVQRW WKHFDVHHYHQ IRUD VWDEOHFRQIRUPDWLRQRI WKH
PDFURPROHFXOH+HOOHQNDPS HW DO  ,QJDUJLROD :HLVV DQG /HUQHU  0RUHRYHU WKH
)|UVWHUGLVWDQFH(TLVQRWQHFHVVDULO\DFRQVWDQWVLQFHVORZURWDWLRQDOGLIIXVLRQQDQRVHFRQGV
RUHYHQVORZHURI WKHIOXRURSKRUHDERXW LWV OLQNHUPD\SRWHQWLDOO\ OHDG WRGLIIHUHQWțYDOXHV LQ
GLIIHUHQWHQHUJ\WUDQVIHUF\FOHV(LOHUWHWDO
7R DFFRXQW IRU WKHVH SUREOHPV QXPHURXV GLIIHUHQW G\H PRGHOV KDYH EHHQ SURSRVHG
+DDV.DWFKDOVNL.DW]LUDQG6WHLQEHUJ0XVFKLHORNHWDO&UDJJVDQG.DSDQLGLV
.DOLQLQHWDO%HFNHUVHWDO'LPXUDHWDO6FKXOHUHWDODQG
WHVWHGH[SHULPHQWDOO\:RĨQLDNHWDO1DJ\(LOHUWDQG0LFKDHOLV3HXOHQ2SDQDV\XN
VP)5(72SHQ&DOO3RVLWLRQSDSHU

DQG6HLGHO+HOOHQNDPSHWDO)RUDQ\JLYHQ)5(7HIILFLHQF\GLIIHUHQWG\HPRGHOV
ZLOOOHDGWRGLIIHUHQWH[WUDFWHGGLVWDQFHVFKRRVLQJDQDSSURSULDWHPRGHOWRWKHVSHFLILFSUREOHP
DWKDQGLVWKHUHIRUHYHU\LPSRUWDQWIRUDFFXUDWHGLVWDQFHGHWHUPLQDWLRQ+RZHYHUVLQFHIOXRUHV
FHQFHHPLVVLRQDVZHOODVHQHUJ\WUDQVIHUFDQERWKEHGHVFULEHGE\3RLVVRQSURFHVVHVHYHQIRU
IDVWURWDWLRQDORUWUDQVODWLRQDOGLIIXVLRQIOXFWXDWLRQVLQ5'$WKHUHZLOOEHGHYLDWLRQVLQGLVWDQFHV
DVZHOODVUHODWLYHRULHQWDWLRQVRIWKHG\HPROHFXOHVRQWKHSKRWRQE\SKRWRQOHYHO$YHUDJLQJ
RYHUWKHVHGLIIHUHQWVLWXDWLRQVLVFRPSOLFDWHGGXHWRWKHLQKHUHQWQRQOLQHDULW\RIWKHHQHUJ\WUDQV
IHUSURFHVV,QDGGLWLRQVLQFHWKHOLQNHUOHQJWKVRIW\SLFDOG\HVXVHGLQVP)5(7DUHQRWQHJOLJLEOH
WKH HTXLYDOHQW RI  FDUERQV URWDWLRQDO GLIIXVLRQ RI G\HV DERXW WKHLU OLQNHUV OHDG WR ODUJH
FKDQJHVLQWKHLQWHUG\HGLVWDQFH5'$6XFKURWDWLRQDOG\QDPLFVVRPHWLPHVRFFXUVZLWKLQWLPHV
FRPSDUDEOHWRWKHIOXRUHVFHQFHOLIHWLPHZKLFKOHDGVWRFKDQJHVLQ5'$IURPWKHPRPHQWRIGRQRU
H[FLWDWLRQWRWKHPRPHQWWKHGHH[FLWDWLRQGXHWR)5(77KLVLVDZHOOGRFXPHQWHGSKHQRPHQRQ
WHUPHGGLIIXVLRQHQKDQFHG)5(7+DDVDQG6WHLQEHUJ%HHFKHPDQG+DDV2UHYLHW
DOZKHUH WKHWLPHVLQZKLFKSKRWRQVZHUHHPLWWHGUHSRUW5'$ELDVHGWRYDOXHVVKRUWHU
WKDQLQHTXLOLEULXPGXHWRWKHLQFUHDVHLQWKHSUREDELOLW\IRU)5(7WRRFFXUZKHQ5'$VKRUWHQV(L
OHUWHWDO,QJDUJLROD:HLVVDQG/HUQHU7KLVKDVEHHQWUHDWHGE\LQFRUSRUDWLQJERWK
URWDWLRQDODQGWUDQVODWLRQDOGLIIXVLRQDVIOXFWXDWLRQVRI5'$WKHLQWHUG\HGLIIXVLRQFRHIILFLHQWLQ
VLGHDSRWHQWLDOZHOOLQWKHUHDFWLRQFRRUGLQDWH5'$+DDVDQG6WHLQEHUJ,QJDUJLROD:HLVV
DQG/HUQHU6LPLODUO\ZKHQURWDWLRQDOPRWLRQFKDQJHVWKHUHODWLYHRULHQWDWLRQRIWKHGRQRU
DQGWKHDFFHSWRUDQGWKHUHIRUHțWKLVOHDGVWRFKDQJHVLQ57KHUHIRUHHQHUJ\WUDQVIHULVDOVR
ELDVHGWRIDYRUDEOHUHODWLYHRULHQWDWLRQVRIWKHGRQRUDQGDFFHSWRUOHDGLQJWRDOHVVZHOONQRZQ
ELDVLQ57RWKLVHQGDFRPSOHWHNLQHWLFWKHRU\WUHDWLQJERWKURWDWLRQDOGLIIXVLRQDVZHOODVWUDQV
ODWLRQDOGLIIXVLRQKDVEHHQGHYHORSHG(LOHUWHWDO,QWHUHVWLQJO\0RQWH&DUORVLPXODWLRQV
VKRZWKDWWKHRIWHQDSSOLHGVLPSOLILFDWLRQVVXFKDVWKHG\QDPLFURWDWLRQVWDWLFWUDQVODWLRQPRGHO
LHNURWDWLRQ!!N)5(7!!NGLIIXVLRQ!!NLQWHJUDWLRQ+HOOHQNDPSHWDOFDQOHDGWRGLVWDQFHHUURUV
WKHPDJQLWXGHRIZKLFKGHSHQGVRQWKHGRQRUIOXRUHVFHQFHOLIHWLPHWKH)5(7HIILFLHQF\DVZHOO
DVWKHWZRNLQHWLFSDUDPHWHUVQDPHO\WKHG\HPROHFXOHV¶GLIIXVLRQFRQVWDQWDQGURWDWLRQDOFRUUH
ODWLRQWLPH
,PSRUWDQWO\WKHXQFHUWDLQW\LQ5WKHG\HPRGHODQGH[SHULPHQWDOSUHFLVLRQLVWDNHQLQWR
DFFRXQW LQ LQWHJUDWLYH VWUXFWXUDOPRGHOLQJ E\XVLQJFDUHIXOO\ FRPSXWHGRYHUDOO XQFHUWDLQWLHV LQ
GLVWDQFH.DOLQLQ HW DO  'LPXUD HW DO  3HXOHQ 2SDQDV\XN DQG 6HLGHO 
+HOOHQNDPSHWDOVRWKDWWKHVHZHOOEDODQFHG)5(7UHVWUDLQWV\LHOGHGVWUXFWXUDOPRGHOV
LQEHQFKPDUNVWXGLHVWKDWQLFHO\DJUHHGZLWKPRGHOVGHWHUPLQHGE\;UD\FU\VWDOORJUDSK\

7KHFRUUHFWLRQIDFWRUIRUGHWHFWLRQHIILFLHQFLHVWKHJDPPDIDFWRU
7KHJDPPDIDFWRULQH[SHULPHQWVRQGLIIXVLQJPROHFXOHV7KHPRVWFKDOOHQJLQJFRUUHFWLRQLQWKH
DQDO\VLVRILQWHQVLW\EDVHGVP)5(7GDWDDFFRXQWVIRULPEDODQFHVLQWKHGRQRU'DQGDFFHSWRU
$GHWHFWLRQHIILFLHQFLHVDQGLQWKHFRUUHVSRQGLQJ'DQG$TXDQWXP\LHOGVWKHVRFDOOHGȖIDFWRU
DQGLVQHFHVVDU\WRFRPSXWHDQDEVROXWH)5(7HIILFLHQF\+DHWDO7KLVIDFWRUFRUUHFWV
IRUWKHIDFWWKDWWKHQXPEHURISKRWRQVGHWHFWHGIURPWKHGRQRUDQGDFFHSWRUIOXRURSKRUHVDUH
QRWGLUHFWO\SURSRUWLRQDOWRWKHQXPEHURIWKHLUH[FLWDWLRQGHH[FLWDWLRQF\FOHVIRUWZRUHDVRQV)LUVW
IOXRURSKRUHV LQJHQHUDOKDYHGLIIHUHQWIOXRUHVFHQFHTXDQWXP\LHOGV6HFRQG WKHHIILFLHQF\RI
FROOHFWLQJDQGGHWHFWLQJSKRWRQV DUH GLIIHUHQW IRU WKH WZR FKDQQHOVGXH WR GLIIHUHQW ILOWHUVDQG
RSWLFDO WUDQVPLVVLRQ WKHGHWHFWRUVHQVLWLYLW\ WR WKHGLIIHUHQW IOXRURSKRUHVDQG WKH IOXRUHVFHQFH
VSHFWUDRIWKHG\HV:KHQHYHUDEURDGGLVWULEXWLRQRI)5(7HIILFLHQFLHVLVDYDLODEOHLQWKHGDWD
VHWWKHȖIDFWRUVFDQEHH[WUDFWHGIURPPLFURVHFRQG$/(;V$/(;RU3,(GDWDVHWVXVLQJWKH
IDFWWKDWWKHVWRLFKLRPHWU\IDFWRU6.DSDQLGLVHWDO LV LQGHSHQGHQWRI)5(7HIILFLHQF\
+RZHYHULWLVHVVHQWLDOWKDWWKHUHDUHPXOWLSOHVSHFLHVZLWKGLIIHUHQW)5(7HIILFLHQFLHVLQWKHVDP
SOHIRUVXFKPHWKRGVWRZRUN/HHHWDO,WLVDOVRQHFHVVDU\WKDWWKHȰிYDOXHVRIWKHWZRG\HVDUH LGHQWLFDO IRU WKHGLIIHUHQWVSHFLHV:KHQHYHU WKLV LVQRWDYDLODEOHDFFXUDWHPHDVXUH
PHQWVRIȰிRIWKHG\HVKDYHWREHSHUIRUPHGIRUHDFKVSHFLHVDQGFRPPXQLW\ZLGHFRQVLVWHQW
VP)5(72SHQ&DOO3RVLWLRQSDSHU

URXWLQHVQHHG WREH LPSOHPHQWHG WRPDNH WKHVHPHDVXUHPHQWV VLPSOH)OXRUHVFHQFH OLIHWLPH
PHDVXUHPHQWVDQGWKHFRUUHODWHGDQDO\VLVRILQWHQVLW\DQGOLIHWLPHGDWDFRXOGRIIHUDVROXWLRQWR
WKLVSUREOHP5RWKZHOOHWDO6LVDPDNLVHWDO:KHQRQHRUPRUHVSHFLHVDUHG\
QDPLFDOO\DYHUDJHGDSURSHUGHWHUPLQDWLRQRIWKHȖIDFWRUEHFRPHVPRUHFKDOOHQJLQJDQGGLIIHU
HQWDVVXPSWLRQVQHHGWREHPDGH
7KHJDPPDIDFWRULQH[SHULPHQWVRQLPPRELOL]HGPROHFXOHV:KHQ$/(;RU3,(GDWDDUHFRO
OHFWHGRQLPPRELOL]HGVDPSOHVWKHȖIDFWRUFDQEHHVWLPDWHGXVLQJWKHVWRLFKLRPHWU\DQG)5(7
HIILFLHQF\ LQIRUPDWLRQDVGLVFXVVHGDERYHSURYLGHG WKHUH LVDVLJQLILFDQWGLVWULEXWLRQRI)5(7
HIILFLHQF\LQWKHDQDO\]HGGDWDVHW/HHHWDO$GGLWLRQDOO\WKHȖIDFWRUFDQEHHVWLPDWHG
IRU LQGLYLGXDO PROHFXOHV ZKHUH WKH DFFHSWRU IOXRURSKRUH SKRWREOHDFKHV ILUVW+D HW DO 
0F&DQQHWDO+LOGHEUDQGW3UHXVDQG%LUNHGDO+HUHWKHGHFUHDVHLQWKHDFFHSWRU
VLJQDODQGWKHLQFUHDVHLQGRQRUVLJQDOFDQEHGLUHFWO\FRPSDUHG)RUWKLVDSSURDFKWREHDFFX
UDWHKRZHYHU WKHDFFHSWRUPXVWEHSKRWREOHDFKHG UDWKHU WKDQEH LQD WUDQVLHQW HJ5HGR[
VWDWHWKDWPD\SRWHQWLDOO\UHPDLQFDSDEOHRIDEVRUSWLRQ7KHDYHUDJHȖIDFWRULVWKHQRIWHQDSSOLHG
WRPROHFXOHVZKHUHWKHGRQRUSKRWREOHDFKHVILUVW+RZHYHUGLVWULEXWLRQVRIWKHȖIDFWRUGHWHU
PLQHGIRULQGLYLGXDOPROHFXOHVFDQEHYHU\EURDGLQGLFDWLQJVRPHYDULDELOLW\LQLWVYDOXH

'HWHFWLRQRIG\QDPLFDYHUDJLQJ
%LRPROHFXOHVDUHW\SLFDOO\G\QDPLFV\VWHPVDQGFRQIRUPDWLRQDOIOH[LELOLW\DQGG\QDPLFV
DWVKRUWWLPHVFDOHVDUHH[SHFWHG$WKLUGFKDOOHQJHWKDWQHHGVWREHDGGUHVVHGLVWKHGHWHFWLRQ
DQGDQDO\VLVRIWKHVHG\QDPLFDOO\DYHUDJHGSRSXODWLRQVLHZKHQWKHFKDUDFWHULVWLFWLPHRIWKH
FRQIRUPDWLRQDOG\QDPLFVLVVKRUWHUWKDWWKHLQWHJUDWLRQWLPHQHHGHGWRGHWHFWHQRXJKSKRWRQVWR
FDOFXODWHWKH)5(7HIILFLHQF\$QXPEHURIJURXSVKDYHGHYHORSHGPHWKRGVIRUGHWHFWLQJDQG
DQDO\]LQJG\QDPLFDYHUDJLQJ7KLVLQFOXGHVDQDO\VLVRIWKHZLGWKRI)5(7HIILFLHQF\GLVWULEXWLRQV
LQYHVWLJDWLRQRIWKHYDULDQFHRIVLQJOHPROHFXOHEXUVWVFRPSDULVRQVRIDYHUDJHIOXRUHVFHQFHOLIH
WLPHVDQGLQWHQVLW\EDVHG)5(7HIILFLHQFLHV/DXUHQFHHWDO1LUHWDO'LPXUDHWDO
,QJDUJLROD:HLVVDQG/HUQHU.LOLFHWDORUSKRWRQEDVHGPD[LPXPOLNHOLKRRG
PHWKRGV3LUFKLHWDO$YLUDPHWDO0D]DOHWDO:KHQG\QDPLFDYHUDJLQJLV
SUHVHQW LWEHFRPHVGLIILFXOWWRXVHWKHOLIHWLPHLQIRUPDWLRQWRGHWHUPLQHWKHȖIDFWRUKRZHYHU
IOXRUHVFHQFHOLIHWLPHDQDO\VLVFDQUHVROYHFRQIRUPDWLRQVWKDWH[LVWRQWLPHVFDOHVORQJHUWKDQWKH
OLIHWLPH,WLVDOVRYHU\GLIILFXOWWRFKHFNZKHWKHUWKHTXDQWXP\LHOGLVLGHQWLFDOLQDOOFRQIRUPDWLRQV
7KHGHWHFWLRQDQGDQDO\VLVRIG\QDPLFVLVRQHRIWKHLVVXHVDGGUHVVHGLQWKHSURWHLQ)5(7FKDO
OHQJHLQSUHSDUDWLRQGLVFXVVHGEHORZ

,PSURYHPHQWVLQG\HVGHWHFWRUVVDPSOHKDQGOLQJDQGGHWHFWLRQIRUPDWV
)OXRUHVFHQFHG\HVDQGWKHLUSURSHUWLHVFDQVWURQJO\LQIOXHQFHGDWDTXDOLW\LQYDULRXVIOXR
UHVFHQFHWHFKQLTXHV,WZDVHDUO\UHFRJQL]HGWKDWG\HSKRWRSK\VLFVSOD\DSLYRWDOUROHLQVP)5(7
H[SHULPHQWV(JJHOLQJHWDO.RQJHWDODQGWKHLUFRUUHFWLQWHUSUHWDWLRQ2SWLPL]DWLRQ
RIG\HSKRWRSK\VLFV FDQDVVLVW LQDYRLGLQJSKRWREOHDFKLQJVDWXUDWLRQHIIHFWVRUSKRWREOLQNLQJ
DUWLIDFWV7KHODWWHUFDQLQWURGXFH)5(7G\QDPLFVXQUHODWHGWRFRQIRUPDWLRQDOPRWLRQDQGWKXV
SRWHQWLDOO\OHDGWRPLVLQWHUSUHWDWLRQRIWKHGDWD7ZRVWUDWHJLHVDUHXVHGLQG\HGHYHORSPHQWIRU
RSWLPDOSURSHUWLHVLVWUXFWXUDOPRGLILFDWLRQVRIFRUHG\HVWUXFWXUHVUKRGDPLQHVF\DQLQHVR[D
]LQHVSHU\OHQHVRURWKHUVDLPLQJDWKLJKHUDEVRUSWLRQFURVVVHFWLRQV/HYLWXVKLJKIOXR
UHVFHQFHTXDQWXP\LHOG*ULPPHWDOJRRGFKHPLFDOVWDELOLW\ZDWHUVROXELOLW\DQGLQGH
SHQGHQFHRIWKHSKRWRSK\VLFDOSURSHUWLHVIURPWKHPLFURHQYLURQPHQW/HYLWXVDQG5DQMLW
+HOOHWDO0LFKLHHWDOLL$OWHUQDWLYHO\SKRWRVWDELOL]HUVFDQEHXVHGWRUHGXFH
SKRWRGDPDJHE\WULSOHWVWDWHVR[\JHQDQGRWKHUUHDFWLYHIOXRURSKRUHVSHFLHV:LGHQJUHQHWDO
+DDQG7LQQHIHOG6XFFHVVIXODSSOLFDWLRQVRISKRWRVWDELOL]HUVDOVRLQWKHFRQWH[WRI
VP)5(7ZDVDFKLHYHGZLWK7UROR[5DVQLN0F.LQQH\DQG+D&RUGHV9RJHOVDQJDQG
7LQQHIHOG  ȕPHUFDSWRHWKDQRO&DPSRV HW DO  +D DQG 7LQQHIHOG  DVFRUELF
DFLG$LWNHQ0DUVKDOODQG3XJOLVL9RJHOVDQJHWDOF\FORSRO\HQHV7DUJRZVNL=LĊWHN
VP)5(72SHQ&DOO3RVLWLRQSDSHU

DQG%ąF]\ĔVNL'DYHHWDOPHWK\OYLRORJHQ9RJHOVDQJHWDODQGDUDQJHRI
RWKHUFRPSRXQGV*OHPERFN\WH/LQFROQDQG&RVD,VVHOVWHLQHWDO µ6HOIKHDOLQJ¶
G\HVZKHUHWKHIOXRURSKRUHLVGLUHFWO\OLQNHGWRDSKRWRVWDELOL]LQJPRLHW\DFKLHYHKLJKSKRWRQ
FRXQWLQJUDWHVZLWKLQWUDPROHFXODUSKRWRVWDELOL]DWLRQ/LSKDUGW/LSKDUGWDQG/WWNH$OWPDQ
HWDOYDQGHU9HOGHHWDO-XHWWHHWDO,VVHOVWHLQHWDO8WLOL]DWLRQRI
VZLWFKDEOHDQGRUPXOWLSOHDFFHSWRUVKDYHDOVREHHQUHFHQWO\VXJJHVWHG9RJHOVDQJ&RUGHVDQG
7LQQHIHOG8SKRIIHWDO.UDLQHU+DUWPDQQDQG6FKOLHUIFDJHGDQGSKRWRDF
WLYDWDEOHG\HV-D]LHWDODQGVXFKDSSURDFKHVFRXOGEHIXUWKHUGHYHORSHG
$UUD\VRIVLQJOHSKRWRQDYDODQFKHGLRGHGHWHFWRUV63$'DUUD\VDQGRWKHUQRYHOGHWHF
WRUV FRXSOHG ZLWK QRYHO RSWLFDO GHWHFWLRQ JHRPHWULHV FDQ LQFUHDVH VP)5(7 PHDVXUHPHQW
WKURXJKSXWDQGWLPHUHVROXWLRQ,QJDUJLROD6HJDOHWDO*LOERDHWDO6HJDOHWDO
0LFURIOXLGLFVEDVHGVDPSOHKDQGOLQJGHYLFHV LQFOXGLQJYDULRXVPL[HUV.LPHWDO
:XQGHUOLFKHWDOHVSHFLDOO\ZKHQFRXSOHGZLWKGHWHFWRUVHQDEOLQJPXOWLSOH[LQJRUPXOWL
VSRWGHWHFWLRQDUHH[SHFWHG WR IXUWKHU LPSURYHPHDVXUHPHQW WKURXJKSXW DQGDOORZDXWRPDWLF
VDPSOHKDQGOLQJDVZHOODVQRQHTXLOLEULXPPHDVXUHPHQWV$OOWKHVHDGGLWLRQDOGLPHQVLRQVSRLQW
WRWKHLPSRUWDQFHRISUHFLVHO\GHVFULELQJWKHFRPSRQHQWVRIDQH[SHULPHQWDOVHWXSXVHGIRUDQ\
VP)5(7PHDVXUHPHQWIURPRSWLFDOHOHPHQWVOHQVHVILOWHUVHWFWROLJKWVRXUFHVDQGRSWRPH
FKDQLFDORSWRHOHFWURQLFDOGHYLFHVDQGWKHLUFKDUDFWHULVWLFVGHWHFWRUVDQGWKHLUDVVRFLDWHGHOHF
WURQLFVDVWKH\GRFRQWULEXWHLQPDQ\ZD\VWRWKHILQDOUHFRUGHGGDWDDQGFDQQRWLQJHQHUDOEH
LQIHUUHGUHWURVSHFWLYHO\


6KRXOGVWHSVWRZDUGVDXQLILHGVP)5(7DSSURDFKEHWDNHQ"
$UJXPHQWLQIDYRURIDXQLILHGVP)5(7DSSURDFK
7RGHPRQVWUDWHWKHUHSURGXFLELOLW\DQGUHOLDELOLW\RIVP)5(7PHDVXUHPHQWVWRWKHELRORJ
LFDOFRPPXQLW\DPXOWLODEEOLQGVWXG\RIVP)5(7DFFXUDF\DQGSUHFLVLRQKDVEHHQSHUIRUPHG
7ZHQW\ ODERUDWRULHV SDUWLFLSDWHG LQ PHDVXULQJ VP)5(7 RQ VHYHUDO GRXEOHVWUDQGHG '1$
GV'1$FRQVWUXFWVH[KLELWLQJRQO\ ORZDPSOLWXGHXOWUDUDSLGG\QDPLFVDQGKHQFHFRQVLGHUHG
UHODWLYHO\VWLII ZKLFK LVZK\ WKH\DUHRIWHQUHIHUUHG WRDVVWDWLF+HOOHQNDPSHWDO7KH
TXDQWLWDWLYHDVVHVVPHQWRIWKHUHSURGXFLELOLW\RILQWHQVLW\EDVHGVP)5(7PHDVXUHPHQWVDQGRI
DXQLILHGGDWDDQDO\VLVDQGFRUUHFWLRQSURFHGXUH/HHHWDOZDVDQLPSRUWDQWPLOHVWRQH
SURYLQJVP)5(7PHDVXUHPHQWVWREHFRQVLVWHQWVWXG\LQJVL[GLVWLQFWVDPSOHVZLWK)5(7SDLUV
ODEHOLQJGLIIHUHQWEDVHVDWGLIIHUHQWGLVWDQFHVWKHREWDLQHGPHDQ)5(7HIILFLHQFLHVE\WKHODEV
DJUHHGZLWKLQD UDQJHǻ(  ^`7KLVHIIRUWHVWDEOLVKHG)5(7ODEHOHGGV'1$DVFRQ
VLVWHQWDQGUHOLDEOHUXOHUVIRUQHZRSWLFDOVHWXSVDVZHOODVHYHU\GD\FDOLEUDWLRQHVSHFLDOO\XVHIXO
IRUQHZJURXSVMRLQLQJWKHFRPPXQLW\+HOOHQNDPSHWDO
6LPLODUO\DQRWKHUPXOWLODEEOLQGVWXG\RIVP)5(7DFFXUDF\DQGSUHFLVLRQ IRUGLVWDQFH
GHWHUPLQDWLRQXVLQJSURWHLQVXQGHUJRLQJOLJDQGLQGXFHGFRQIRUPDWLRQDOFKDQJHVKDVEHHQSHU
IRUPHGLQSUHSDUDWLRQ7KLVVWXG\XVHVWZRGLVWLQFWPRGHOSURWHLQVWRDVVHVVWKHUHSURGXFLELOLW\
DQGDFFXUDF\RIVP)5(7PHDVXUHPHQWV,QDGGLWLRQIRUSURWHLQVVWRFKDVWLFODEHOOLQJVWRUDJH
VKLSSLQJDQGVWDELOLW\DVZHOODVG\QDPLFVDQGG\HSKRWRSK\VLFVFDQFRPSOLFDWHWKHDQDO\VLV7KH
VWXG\DOVRDVVHVVHVWKHDELOLW\RIVP)5(7WRGLVFRYHUDQGTXDQWLI\G\QDPLFVRIWUDQVLWLRQVEH
WZHHQGLIIHUHQWFRQIRUPDWLRQVDWGLIIHUHQWWLPHVFDOHVIURPVHFRQGVWRPLFURVHFRQGV
$QRWKHUFKDOOHQJHLVWKHNLQ6RIW&KDOOHQJHKWWSZZZNLQVRIWFKDOOHQJHFRP6FKPLG
HWDO LQSUHSDUDWLRQWKDWDLPVWRHYDOXDWHH[LVWLQJWRROVIRUH[WUDFWLQJNLQHWLF LQIRUPDWLRQIURP
VLQJOHPROHFXOH WLPHWUDMHFWRULHV IRU WLPHELQQHGRU LQWHQVLW\EDVHGPHDVXUHPHQWVRI LPPREL
OL]HGPROHFXOHV7KLVFKDOOHQJHDLPV WR GHPRQVWUDWH WKHDELOLW\RIVP)5(7EDVHGNLQHWLF
DQDO\VHV WRDFFXUDWHO\H[WUDFWG\QDPLF LQIRUPDWLRQIURPVP)5(7GDWD SURYLGH WKHVLQJOH
PROHFXOH)5(7FRPPXQLW\DZD\WRMXGJHWKHGLIIHUHQWVRIWZDUHWRROVRXWWKHUHDQGDVVHVV
DQGFRPPXQLFDWHDQDO\VLVSURFHGXUHVWR\LHOGUHOLDEOHNLQHWLFGDWDDQGRU)5(7VWDWHPRGHOV,Q
VP)5(72SHQ&DOO3RVLWLRQSDSHU

WKHILUVWSDUWRIWKLVVWXG\V\QWKHWLFGDWDZDVHYDOXDWHG,QWKHVHFRQGSDUWRIWKHVWXG\H[SHUL
PHQWDOVP)5(7GDWDDUHFXUUHQWO\EHLQJHYDOXDWHG
2QHLQWHUHVWLQJRXWFRPHRIWKHYDULRXVPXOWLODEEOLQGWHVWFKDOOHQJHVZDVWKHUHDOL]DWLRQ
WKDWWKHZD\GDWDDQDO\VLVDQGFRUUHFWLRQVDUHSHUIRUPHGKDVDODUJHLPSDFWRQWKHILQDOUHVXOWV
)RUH[DPSOHWKHILUVWVP)5(7FRQVLVWHQF\VWXG\+HOOHQNDPSHWDOOHGWRUHFRPPHQGD
WLRQVRQKRZWRSURFHVVUDZGDWDWRREWDLQIOXRUHVFHQFHLQWHQVLWLHV7KHUHIRUHDFFHVVWRWKHUDZ
GDWDDQGWKHDELOLW\WRSURFHVVWKHPZLWKYDULRXVDQDO\VLVDSSURDFKHVLVDQGZLOOUHPDLQXVHIXOLQ
PRYLQJWKHFRPPXQLW\IRUZDUG&XUUHQWO\WKLVLVGLIILFXOWDVWKHUHDUHPDQ\YDULDWLRQVLQPHWKRGV
WKHLUGRFXPHQWDWLRQVILOHIRUPDWVDQGH[SHULPHQWDOSURFHGXUHVXVHGLQYDULRXVODERUDWRULHV)XU
WKHUPRUHLWLVGLIILFXOWWRGHWHUPLQHWKHRSWLPDOFRQGLWLRQVZRUNIORZDQGEHVWSUDFWLFHVHYHQIRU
H[LVWLQJZHOOWHVWHGPHWKRGVVLQFHDFRPSDULVRQRIWKHVHPHWKRGVLVWLPHFRQVXPLQJDQGWKH
QHFHVVDU\LQIRUPDWLRQLVLQPDQ\FDVHVQRWDOZD\VDYDLODEOH+HQFHRSHQVFLHQFHSUDFWLFHVDV
ZHOODVDSODWIRUPIRUH[FKDQJHRIGDWDDQGVRIWZDUHZRXOGEHEHQHILFLDO
2QHTXHVWLRQWKDWUHPDLQVWREHDGGUHVVHGLVZKHWKHUDXVHUXQELDVHGWKXVIXOO\DXWR
PDWHGDQDO\VLVRIVP)5(7GDWDLVSRVVLEOH7KHUHLQWKH)5(7FRPPXQLW\QHHGVWRDGGUHVVWKH
TXHVWLRQKRZWRRYHUFRPHXVHUELDVLQGDWDDQDO\VLV$NLQWRVWUXFWXUDOPRGHOVLQWKHSURWHLQGDWD
EDQN 3'%EDVHGRQ 105DQGRU FU\VWDOOL]DWLRQGDWD5RVDWR7HMHURDQG 0RQWHOLRQH 
VP)5(7 EHQFKPDUN FULWHULD PXVW EH GHILQHG DQG HYHQWXDOO\ IXOILOOHG WR FODVVLI\ WKH UHVXOWV RI
)5(7EDVHG LQWHUG\HGLVWDQFHPHDVXUHPHQWVDQGNLQHWLFV LH WUDQVLWLRQGHWHFWLRQDQGVWDWH
LGHQWLILFDWLRQDVUHOLDEOH$VDQH[DPSOHVLQJOHPROHFXOHYLGHRDQDO\VLVXVXDOO\VXIIHUVIURPD
OLPLWHGQXPEHURIPROHFXOHVSRWHQWLDOO\EDGVWDWLVWLFVDQGDSRWHQWLDOXVHUELDVPHDQZKLOHWKH
VRFDOOHGPROHFXODUVRUWLQJLHSLFNLQJWKHULJKWPROHFXOHVWREHLQFOXGHGLQKLVWRJUDPDQGWUDQ
VLWLRQDQDO\VLV7RRYHUFRPHWKLVDUWLILFLDO LQWHOOLJHQFHVXFKDVGHHSOHDUQLQJ;XHWDO
DQGPDFKLQHOHDUQLQJ6WHOODHWDODSSURDFKHVDUHEHLQJDSSOLHGWRRYHUFRPHWKHXVHU
ELDVLQPROHFXODUVRUWLQJ,QDGGLWLRQDQDXWRPDWHGYLGHRSURFHVVLQJDQGVXEVHTXHQWWUDFHSUR
FHVVLQJDOORZVWKHIDVWLGHQWLILFDWLRQRIVLQJOHPROHFXOHWUDMHFWRULHVDQGWKHLUFKDUDFWHULVWLFV3UHXV
HWDO-XHWWHHWDO%|UQHUHWDO$VLPSOLILHGDQGIXOO\DXWRPDWHGVHUYLFHIRU
VP)5(7GDWDDQDO\VLVWDNLQJDGYDQWDJHRIWKHFRPPXQLW\GULYHQFKDOOHQJHVZLOOQRWRQO\UHGXFH
WKHXVHUELDVWUHPHQGRXVO\DQGKHOSWRHDVHWKHDQDO\VLVRIVP)5(7GDWDEXWDOORZWKHDSSOLFD
WLRQRIVP)5(7WRQHZILHOGVDQGWRIXUWKHUJURZWKHFRPPXQLW\

$UJXPHQWVTXHVWLRQLQJWKHQHHGIRUDXQLILHGVP)5(7DSSURDFK
:KLOHWKLVDUWLFOHFRYHUVDQDUUD\RIDVSHFWVUHODWHGWRHVWDEOLVKLQJDVP)5(7FRPPXQLW\
DQGUHFRPPHQGDWLRQVRQXQLI\LQJVP)5(7SUDFWLFHVIRUTXDQWLWDWLYHVWUXFWXUDOLQIRUPDWLRQLWLV
LPSRUWDQWWRUHFRJQL]HWKDWWKHUHLVVRPHWLPHVUHWLFHQFHUHJDUGLQJWKHVHLGHDVDQGLWLVLPSRUWDQW
WROHWWKHVHYRLFHVEHKHDUG
7KHVXJJHVWLRQVUDLVHGKHUHVXFKDVWKHDSSURSULDWHXVHRIPHWKRGVWKHLUXVH LQ WKH
FRQWH[WRIDQRSHQSODWIRUPEHQFKPDUNLQJRQVLPXODWLRQVSURYLGLQJWKHUDZGDWDSRVVLEO\LQD
VWDQGDUGILOHIRUPDWWKDWLVHDVLO\UHDGE\RWKHUVDQGSURSHUGRFXPHQWDWLRQRISUHSDUDWLYHPHDV
XUHPHQWVDQGDQDO\VLVSURFHGXUHVPLJKWPHUHO\EHVHHQDVZKDWDQH[LJHQWSHHUUHYLHZHUZRXOG
W\SLFDOO\H[SHFW7KLVLQWXUQUDLVHVWKHTXHVWLRQRIZKHWKHUZHQHHGWKHHIIRUWDQGUHFRPPHQ
GDWLRQVRIWKHZKROHVP)5(7FRPPXQLW\IRUPDWWHUVWKDWVKRXOGEHREYLRXV
,QDGGLWLRQDQGLQOLQHZLWKWKHPXOWLWXGHRIH[LVWLQJVRIWZDUHSUHVHQWHGKHUHVHH7DEOH
 WKHTXHVWLRQRIZKRZLOOGHWHUPLQHWKHLUDFFXUDF\DQGXWLOLW\ LQ\LHOGLQJVLPLODUGDWDVHWVIRU
VLPXODWLRQV DQG UHVXOWV IRU DQDO\VHV LV DOVR UDLVHG $FFRPSDQ\LQJ WKLV SRQGHUDWLRQ DUH WKH
TXHVWLRQV LKRZ LV WKHYDOXHRI UHVXOWV WKDWGLIIHU IURPVRPHH[SHFWHGFRQVHQVXV WDNHQ LQWR
FRQVLGHUDWLRQLLDUHµH[SHFWHGUHVXOWV¶FKRVHQREMHFWLYHO\":KLOHVHFWLRQDQGWKHVXJJHV
WLRQVLQWKLVSRVLWLRQSDSHUUHFRPPHQGFHUWDLQJXLGHOLQHVLWLVLPSRUWDQWWRPDNHVXUHWKDWWKHVH
VWD\DVUHFRPPHQGDWLRQVDQGZLOOQHYHUHYROYH LQWR µUHTXLUHPHQWV¶GLVJXLVHGDVJRRGSUDFWLFH
JXLGHOLQHV
VP)5(72SHQ&DOO3RVLWLRQSDSHU

7KHSURSRVLWLRQRIDPRGXODUVRIWZDUHSODWIRUPXVLQJDOJRULWKPVWKDWDUHDFFHSWHGE\WKH
VP)5(7FRPPXQLW\DOWKRXJKLWFRXOGEHXVHIXOIRUPDQ\PLJKWEHXQUHDOLVWLFPDLQO\EHFDXVH
LWKHUHDUHFXUUHQWO\PDQ\DQDO\VLVDQGVRIWZDUHDSSURDFKHVZLWKDVRI\HWOLWWOHDJUHHPHQWRQ
WKH DOJRULWKPV SURFHGXUHV DQG SDUDPHWHU YDOXHV XVHG DQG KHQFH VXFK FRPPXQLW\ZLGH DF
FHSWDQFHLVSUHPDWXUHDQGLLWKHUHDUHPDQ\VP)5(7SUDFWLWLRQHUVZKRDUHGHIDFWRPHPEHUV
RI WKHFRPPXQLW\ EXW GRQRW QHFHVVDULO\ ZLVK WR RIILFLDOO\ EHSDUW RI WKH QHZO\ IRUPHG )5(7
FRPPXQLW\KWWSIUHWFRPPXQLW\
)LQDOO\LWLVLPSRUWDQWWRUHPHPEHUWKDWQRWDOOVWXGLHVQHHGWKHVDPHGHJUHHRITXDQWLIL
FDWLRQDQGSURFHVVLQJRIVP)5(7GDWDGHSHQGLQJRQWKHDLPRIWKHVWXG\0DQ\VP)5(7VWXG
LHVXVHUHODWLYH)5(7HIILFLHQFLHVUDWKHUWKDQDEVROXWHYDOXHVWRGLVWLQJXLVKEHWZHHQFRQIRUPD
WLRQDOVXESRSXODWLRQVDQGIRFXVPRUHRQWKHWUDQVLWLRQVEHWZHHQWKHP7KHUHIRUHVRPHRIWKH
UHTXLUHPHQWVPHQWLRQHGKHUHPLJKWDSSO\PRVWO\WRVWXGLHVLQZKLFKWKHVXESRSXODWLRQUHODWHG
)5(7GDWDLVXVHGLQWKHPRGHOLQJRUUHFRQVWUXFWLRQRIWKHXQGHUO\LQJELRPROHFXODUVWUXFWXUH
,QVXPPDU\LWLVLPSRUWDQWWRUHPHPEHUWKDWDVVFLHQWLVWVZHVKRXOGYDOXHLQGHSHQGHQFH
RIWKRXJKWDQGFUHDWLYLW\DQGWKDWDQ\LQLWLDWLYHWKDWFRXOGEHSHUFHLYHGDVQRWHQFRXUDJLQJVXFK
DQDWWLWXGHZRXOGEHFRXQWHUSURGXFWLYH6WLOOWKHVSHFLILFPHWKRGXVHGPXVWEHGRFXPHQWHGZHOO
VRWKDWWKHSDWKZD\IURPWKHVDPSOHWKURXJKPHDVXUHPHQWDQGDQDO\VLVXQWLOLQWHUSUHWDWLRQFDQ
EHIROORZHGDQGMXGJHG+HUHZHVKRXOGLQGHHGGLVFXVVWKHQHFHVVDU\LQIRUPDWLRQWKDWVKRXOGEH
SURYLGHGWRJHWKHUIRUPRUHGHWDLOVUHJDUGLQJVP)5(7IRULQWHJUDWLYHVWUXFWXUDOELRORJ\VHHVHF
WLRQ


2SHQ6FLHQFHSUDFWLFHV
2QHRIWKHFRUQHUVWRQHVRIWKHVFLHQWLILFPHWKRGLVWKHDELOLW\WRUHSURGXFHH[SHULPHQWDO
UHVXOWV$VH[SHULPHQWVEHFRPHPRUHVRSKLVWLFDWHGDFOHDUGHVFULSWLRQRIH[SHULPHQWVLVFUXFLDO
5HFHQWWUHQGVWRZDUGV2SHQ6FLHQFHSUDFWLFHVFDOOIRUIXOOWUDQVSDUHQF\RIWKHVFLHQWLILFSURFHVV
)XQGLQJDJHQFLHVHPEUDFLQJWKLVSKLORVRSK\HJKWWSVGDWDVFLHQFHQLKJRYVWUDWHJLFSODQH[
SHFWWKHLUJUDQWHHVWRSXEOLVKLQ2SHQ$FFHVV2$MRXUQDOVDQGSD\IRUWKHFRUUHVSRQGLQJRSHQ
DFFHVV IHHV RU GHSRVLW PDQXVFULSWV LQ UHSRVLWRULHV HJ 3XEPHG &HQWUDO DU;LY ELR5[LY
&KHP5[LY GHSRVLW GDWD VRPHWLPHV DOVR UDZ GDWD LQ UHSRVLWRULHV VXFK DV =HQRGR WKH
'U\DG'LJLWDO5HSRVLWRU\)LJ6KDUHDVZHOODVDQDO\VHVFRGHV IRU LQVWDQFH LQRSHQQRWHERRN
IRUPDW LQ UHSRVLWRULHVVXFKDV*LW+XE GLVVHPLQDWH UHVXOWVDQGPDNH WKHPDFFHVVLEOH IRUDOO
2SHQVFLHQFHGLVVHPLQDWHVNQRZOHGJHE\VKDULQJUHVXOWVDQGWKHWRROVGHYHORSHGE\LQGHSHQG
HQWVFLHQWLVWVRU WHDPVZRUNLQJDVSDUWRIDFROODERUDWLYHQHWZRUN7KHVP)5(7FRPPXQLW\ LV
FRPPLWWHG WRRSHQVFLHQFH6RPHWRROVDUHDOUHDG\ LQSODFHZKLOHRWKHU WRROVVWLOOQHHGWREH
GHYHORSHG WRPDNH LWHDVLHU WRFRPPXQLFDWHVP)5(7DFFXPXODWHGDQGFRQWLQXRXVO\JURZLQJ
NQRZOHGJHDQGH[SHULHQFH
7KHUHLVREYLRXVO\VRPHWHQVLRQEHWZHHQWKHSUHFHSWVRI2SHQ6FLHQFHDQGUHTXLUHPHQWV
LPSRVHGE\VRPHLQWHOOHFWXDOSURSHUW\,3SROLFLHV,3ULJKWVLQFOXGLQJSDWHQWODZVZHUHSXWLQ
SODFHWRSURPRWHWKHGHYHORSPHQWRIVFLHQFHDQGWHFKQRORJ\IRUWKHEHQHILWVRIVRFLHW\E\DOORZ
LQJWKRVHGHYHORSLQJLQWHOOHFWXDOSURSHUW\WRUHWDLQULJKWVUHJDUGLQJWKHXVHRIWKH,3WKH\GHYHORS
,QIDFW LQVRPHVHQVHSDWHQWVZHUHWKHILUVWIRUPRIRSHQDFFHVVSXEOLFDWLRQRQO\RQHZLWKD
UHVWULFWLYHOLFHQVHIRUUHXVH:HGRQRWRSSRVHLQWHOOHFWXDOSURSHUW\ULJKWVEXWKDYHPLVJLYLQJV
DERXWQRQGLVFORVXUHRIPHWKRGVGDWDDQGVRIWZDUH2WKHUJURXSVPXVWEHDEOHWRUHSURGXFHWKH
DQDO\VHVRIH[LVWLQJGDWDDQGH[WHQGXSRQWKHPDQGLIQHHGHGEHDEOHWRUHSURGXFHH[SHUL
PHQWVKDYLQJSURGXFHGWKHVHGDWDIRUFRQILUPDWLRQSXUSRVHV7KHDFTXLVLWLRQDQGDQDO\VLVPXVW
EHPRGLILDEOHDQGH[WHQGDEOHDVWKHHQGXVHUVVHHILWLQDJUHHPHQWZLWKWKHOLFHQVHFKRVHQE\
WKHGDWDRUVRIWZDUHFUHDWRU7KLVOLFHQVHVKRXOGEHVHWDVOLEHUDODVSRVVLEOHWDNHQLQWRDFFRXQW
,3FRQVLGHUDWLRQVPHQWLRQHGDERYHEXWDOVRHQFRXUDJHUHFRJQLWLRQRIWKHVRPHWLPHHQRUPRXV
HIIRUWLQYHVWHGLQSURGXFLQJVXFFHVVIXOSURWRFROVGHVLJQVGDWDRUVRIWZDUH8OWLPDWHO\LISUDFWLFHG
VP)5(72SHQ&DOO3RVLWLRQSDSHU

IDLUO\RSHQVFLHQFHVKRXOGHQWLFHHYHU\RQHLQFOXGLQJFRPPHUFLDOYHQGRUVWRDGRSWDQGFRQWULE
XWHWRFRPPXQLW\GHILQHGILOHIRUPDWVSURYLGHIUHHILOHFRQYHUVLRQFRGHVDQGRSHQWKHLUDQDO\VLV
WRROVIRUVFUXWLQ\E\WKHFRPPXQLW\
)LQDOO\RQOLQHDQGSXEOLFUHSRVLWRULHVDUHDIRUPRIGDWDDQGNQRZOHGJHEDFNXSZKLFK
PRVWRIXVKDYHOHDUQHGWKHKDUGZD\LVGLIILFXOWWRDFKLHYHDQGPDLQWDLQDWWKHVFDOHRIDVLQJOH
ODERUDWRU\


µ6RIWUHFRPPHQGDWLRQV¶IRUVP)5(7PHDVXUHPHQWDQGDQDO\VLVSUDFWLFHVIRUTXDQWLWD
WLYHVWUXFWXUDOVWXGLHV
 )RUVP)5(7WRUHDFKLWVIXOOSRWHQWLDOIRUTXDQWLWDWLYHVWUXFWXUDOVWXGLHVPDQ\RIXVEHOLHYH
WKDWLWZRXOGEHEHQHILFLDOIRUWKHFRPPXQLW\RISUDFWLWLRQHUVWRGHYHORSJHQHUDODQGIOH[LEOHVHWRI
µVRIWUHFRPPHQGDWLRQV¶IRUGDWDFROOHFWLRQDQDO\VLVDQGVKDULQJSUDFWLFHV

:KDWDUHWKHFXUUHQWGLIILFXOWLHVDQGFKDOOHQJHV"
%H\RQGWKHFKDOOHQJHVDGGUHVVHGLQVHFWLRQZHZDQWWRSRLQWRXWDGGLWLRQDOWHFKQLFDO
FKDOOHQJHV,QVP)5(7RIIUHHO\GLIIXVLQJVLQJOHPROHFXOHVWKHUDZGDWDLQFOXGHVDVHTXHQFHRI
SKRWRQGHWHFWLRQWLPHVIURPDWOHDVWWZRGHWHFWRUVWKDWUHJLVWHUERWKSKRWRQVIURPWKHIOXRUHVFHQW
DQDO\WHDQGEDFNJURXQGSKRWRQV7KH ILUVW VWHS LQFOXGHVVHSDUDWLQJ WKH IOXRUHVFHQFHSKRWRQV
IURPWKHEDFNJURXQGDQG LGHQWLI\LQJVLQJOHPROHFXOHSKRWRQEXUVWV$IWHUZDUGVEXUVWVDUHVH
OHFWHGDFFRUGLQJWRWKUHVKROGVEDVHGRQGLIIHUHQWIHDWXUHVRIWKHSKRWRQEXUVWVHJVL]HGXUD
WLRQEULJKWQHVV6LQFHWKHWKUHVKROGYDOXHVDUHLQPDQ\FDVHVFKRVHQDUELWUDULO\LWPLJKWKDYH
DQLPSDFWRQWKHUHVXOWLQJVP)5(7KLVWRJUDP,QDGGLWLRQWKHH[SHULPHQWDOVHWXSHJILOWHUVDQG
GLFKURLFVXVHGH[FLWDWLRQDQGGHWHFWLRQFKDUDFWHULVWLFVPLJKWLQVRPHFDVHVDOVRDIIHFWWKHUH
VXOWV,QPDQ\FDVHVGLIIHUHQWPHDVXUHPHQWVUHTXLUHXVLQJGLIIHUHQWEXUVWVHDUFKDQGILOWUDWLRQ
SDUDPHWHUYDOXHV+HQFHDOUHDG\WKHILUVWVWHSLQWKHDQDO\VLVLVFRQWH[WGHSHQGHQW6LPLODUO\IRU
7,5)EDVHGPHDVXUHPHQWVWKHUHDUHYDULRXVSURWRFROVIRUH[WUDFWLQJWKHIOXRUHVFHQFHLQWHQVLW\
RI WKHGRQRUDQGDFFHSWRU VLJQDOVDQG WKH FRUUHVSRQGLQJEDFNJURXQG3UHXV+LOGHEUDQGWDQG
%LUNHGDO
)RUERWKFRQIRFDODQG7,5)EDVHGVP)5(7PHDVXUHPHQWVWKHVHFRQGVWHSLVWRFRUUHFW
WKHGDWDIRUGRQRUIOXRUHVFHQFHEOHHGWKURXJKWRWKHDFFHSWRUIOXRUHVFHQFHGHWHFWLRQFKDQQHO
DFFHSWRUGLUHFWH[FLWDWLRQUDWKHUWKDQYLD)5(7WKHȖIDFWRUGHVFULELQJWKHGLIIHUHQFHVLQGRQRU
DQGDFFHSWRUIOXRUHVFHQFHTXDQWXP\LHOGVDQGGHWHFWLRQHIILFLHQFLHVDQGRWKHUFRUUHFWLRQIDFWRUV
7KHUHDUHFXUUHQWO\GLIIHUHQWZD\VWRFKDUDFWHUL]HWKHVHFRUUHFWLRQIDFWRUVVHHGLVFXVVLRQLQVHF
WLRQ7KLVLV\HWDQRWKHUH[DPSOHRIWKHFRQWH[WGHSHQGHQFHRIGLIIHUHQWSURFHGXUHVLQWKH
DQDO\VLVRIVP)5(7GDWD:HUHFRPPHQGWKDWDULJRURXVVWXG\LVSHUIRUPHGWRFRPSDUHLQWHQ
VLW\DQGOLIHWLPHEDVHGVP)5(7PHDVXUHPHQWVRQZHOOFKDUDFWHUL]HGPRGHOV\VWHPVWRYHULI\
ZKLFKLQIRUPDWLRQLVEHVWREWDLQHGIURPLQWHQVLW\RUOLIHWLPHLQIRUPDWLRQDVVHVVWKHFRQVLVWHQF\
RIWKHGLIIHUHQWPHWKRGVWRGHWHUPLQHWKHQHHGHGFRUUHFWLRQIDFWRUVDQGWKHLGHQWLI\SRWHQWLDOSLW
IDOOVLQWKHFRUUHFWLRQSURFHGXUH
7KHILQDOJRDORIWKHVHVWHSVLVWRLGHQWLI\VXESRSXODWLRQVRIEXUVWVZLWKFRPPRQ)5(7
HIILFLHQF\YDOXHVEHWWHUNQRZQDV)5(7VXESRSXODWLRQV:KLOH LGHDOO\ WKHVHVXESRSXODWLRQV
ZRXOG UHSUHVHQW WKH PHDQ )5(7 HIILFLHQF\ YDOXHV RI FRQIRUPDWLRQDO VWDWHV RIWHQ WKHVH DUH
PHUHO\ D UHVXOW RI WLPHDYHUDJLQJ RYHU VHYHUDO GLIIHUHQW FRQIRUPDWLRQDO VWDWHV LQWHUFRQYHUWLQJ
IDVWHUWKDQWKHW\SLFDOGXUDWLRQVRIVLQJOHPROHFXOHSKRWRQEXUVWVDIHZPLOOLVHFRQGV7KHUHDUH
FXUUHQWO\YDULRXVPHWKRGVIRUDQDO\]LQJSKRWRQVWDWLVWLFVWR LGHQWLI\DQGTXDQWLI\ WKHH[FKDQJH
EHWZHHQFRQIRUPDWLRQDOVWDWHVZLWKLQEXUVWV)HOHN\DQHWDO/HUQHUHWDOWKHFKRLFH
EHWZHHQWKHPDQGWKHZD\WKH\DUHXVHGPD\VRPHWLPHVEHFRQFHLYHGDVDUELWUDU\VHHGHWDLOHG
GLVFXVVLRQDERXWG\QDPLFVLQVHFWLRQ
VP)5(72SHQ&DOO3RVLWLRQSDSHU

7KHPXOWLODERUDWRU\HIIRUWVIRUTXDQWLWDWLYHVP)5(7DQDO\VHVERWKIRU'1$+HOOHQNDPS
HWDODQGIRUSURWHLQVLQSUHSDUDWLRQKDYHEHHQYHU\SURGXFWLYHDQGDGYRFDWLYHRIRSHQ
QHVVDQGZHHQFRXUDJHUHVHDUFKHUVLQWKHILHOGWRSRVWWKHUDZGDWDDQGDQDO\VLVFRGHVRQSXEOLF
UHSRVLWRULHV7KLV QRWZLWKVWDQGLQJ WKHUHDUH WKUHH VWHSV WR WUDQVIRUP)5(7PHDVXUHPHQWV WR
VWUXFWXUHVLWUDQVIRUPLQJWKH)5(7GDWDLQJHQHUDO'RIFRQIRUPDWLRQDOVXESRSXODWLRQWRLQWHU
G\HGLVWDQFHVLLWUDQVIRUPLQJWKHVWUXFWXUHVUHIHUUHGWRJHQHUDOO\DV0WRLQWHUG\HGLVWDQFHV
E\DQDSSURSULDWHG\HPRGHO%HFNHUVHWDO'LPXUDHWDO6WHIIHQ6LJHODQG%|UQHU
DQGLLLFRPSXWLQJWKHGDWDOLNHOLKRRGRIVWUXFWXUHVDQGWKHJLYHQGDWD/0_''LIIHUHQW
ODERUDWRULHVXVHGLIIHUHQWDSSURDFKHVDQGDOOVWHSVQHFHVVDU\IRUWKHWUDQVLWLRQIURP)5(7LQIRU
PDWLRQWRGLVWDQFHLQIRUPDWLRQDUHVWLOOXQGHUGHEDWH&RQVHTXHQWO\GLIIHUHQWODERUDWRULHVHPSOR\
GLIIHUHQWDSSURDFKHVWRDQDO\]HWKHLUH[SHULPHQWDOUHVXOWVLQFRQWH[WGHSHQGHQWPDQQHUV
7REULGJHWKHGLIIHUHQWDSSURDFKHVEHWZHHQPHPEHUVRIWKH)5(7FRPPXQLW\ZHVXJ
JHVWDFRQFHUWHGDFWLRQIRUDQDSSURSULDWHXVHRIPHWKRGVLQDFRQWH[WRIDQRSHQSODWIRUPZLWK
PDQ\XVHFDVHV7KHVHLQFOXGHSURYLGLQJUHVXOWVRIVLPXODWLRQVWKDWH[SODLQWKHFKRLFHVRIFHUWDLQ
VWDJHVLQWKHDQDO\VLVSURFHGXUHSURYLGLQJWKHUDZGDWDLQDVWDQGDUGILOHIRUPDWHDVLO\UHDGDEOH
E\DOO)5(7SUDFWLWLRQHUVDQGSURSHUO\GRFXPHQWLQJWKHZKROHDQDO\VLVSURFHGXUHWRJHWKHUZLWK
LWVFRGH$GGLWLRQDOO\UHSRUWLQJEHVWSUDFWLFHVGRHVQRWLQFOXGHRQO\KRZGDWDZDVDQDO\]HGEXW
DOVRKRZPDWHULDOVZHUHSUHSDUHGSXULILHGDQGFKDUDFWHUL]HGDQGZKHWKHUG\HODEHOHGELRPROH
FXOHVXQGHUPHDVXUHPHQWDUHIXQFWLRQLQJ LQDPDQQHUWKDWUHIOHFWVWKDWRIWKHXQODEHOHGZLOG
W\SHELRPROHFXOH2UHYLHWDO%HVWHWDO/HUQHU,QJDUJLRODDQG:HLVV5LEDFN
HWDO%\DFFXPXODWLQJWKHH[SHULHQFHDQGH[SHUWLVHRIWKHFRPPXQLW\ZHDLPWRSURYLGH
UHFRPPHQGDWLRQVDQGJXLGHOLQHVWKDWKHOSDWWDLQUHOLDEOHDQGUHSURGXFLEOHUHVXOWVZKLOHNHHSLQJ
WKHILQDODSSURDFKFKRLFHVRSHQWRWKHLQGLYLGXDOVFLHQWLVWV

&RQVLVWHQWUHSRUWLQJRISUHSDUDWLYHSUDFWLFHV
)RUVWXG\LQJELRPROHFXODUFRQIRUPDWLRQVDQGWKHLUG\QDPLFVE\VP)5(7ELRPROHFXOHV
RILQWHUHVWPXVWEHODEHOHGZLWKG\HVWKDWDUHVXLWDEOHIRUVLQJOHPROHFXOHIOXRUHVFHQFHGHWHFWLRQ
EHFDXVHWKHLQWULQVLFIOXRURSKRUHVDUHQRWVWDEOHHQRXJKDQGDEVRUELQWKH897KHVHG\HVXVX
DOO\LQFOXGHWKUHHXQLWVLDFKHPLFDOO\UHDFWLYHJURXSWKDWIRUPVDFRYDOHQWERQGSUHIHUHQWLDOO\
ZLWKDVSHFLILFW\SHRIPRLHW\UHVLGXHLQD'1$EDVHRULQDQDPLQRDFLGUHVSHFWLYHO\LLDOLQNHU
RID IHZFRQQHFWLQJERQGVDQG LLLDSLFRQMXJDWHG IOXRURSKRUH WKDW W\SLFDOO\KDVK\GURSKRELF
UHJLRQVFRXOGEHIXOO\RUSDUWLDOO\SODQDUDQGLVRIWHQEXON\:KHQPHDVXULQJDQLQWUDPROHFXODU
GLVWDQFHZLWKLQD ELRPROHFXOH VP)5(7 UHTXLUHV FRQMXJDWLQJ WZRG\HPROHFXOHV$GGLWLRQDOO\
VLWHVSHFLILFFRQMXJDWLRQVLQSURWHLQVUHTXLUHLQWURGXFLQJSRLQWPXWDWLRQVWKDWZLOODFFRPPRGDWH
WKHVSHFLILFFRQMXJDWLRQFKHPLVWU\WREHXVHG,WLVREYLRXVWKDWFRQMXJDWLRQRIDG\HPROHFXOHWR
DSURWHLQRU'1$DQGWKHIHDWXUHVPHQWLRQHGDERYHPD\LQWURGXFHERWKVWUXFWXUDODQGIXQFWLRQDO
SHUWXUEDWLRQVUHODWLYHWRWKHXQODEHOHGELRPROHFXOH(QGHUOHLQHWDO%RUJLDHWDO
7KHUHIRUHLWLVLPSRUWDQWQRWRQO\WRUHSRUWRQWKHODEHOLQJSURFHGXUHVWKHSXULILFDWLRQSURFHGXUHV
RILWVSURGXFWVDQGWKHODEHOLQJHIILFLHQF\EXWDOVRELRFKHPLFDOFRQWUROH[SHULPHQWVWRGHWHUPLQH
WKHH[WHQWWRZKLFKWKHG\HODEHOHGELRPROHFXOHVUHSUHVHQWWKHZLOGW\SHEHKDYLRUE\PHDQVRI
VWUXFWXUH HJ VHFRQGDU\ VWUXFWXUH FRQWHQWXVLQJ IDU89FLUFXODUGLFKURLVP&'G\QDPLF OLJKW
VFDWWHULQJ'/6VPDOODQJOH;UD\VFDWWHULQJ6$;6WKHUPRG\QDPLFVWDELOLW\HJWKHUPDOO\LQ
GXFHG WUDQVLWLRQ FXUYHV DQG ELRORJLFDO DFWLYLW\2UHYL HW DO  %RUJLD HW DO  /HUQHU
,QJDUJLRODDQG:HLVV
6LQJOHPROHFXOHH[SHULPHQWVKDYHWKHDGYDQWDJHWKDWHDFKPROHFXOHLVREVHUYHGLQGLYLG
XDOO\DQGYDULRXVFULWHULDFDQEHXVHGWRGHFLGHZKLFKPROHFXOHVDUHLQFOXGHGIRUIXUWKHUDQDO\VLV
$OWKRXJKVLQJOHPROHFXOHH[SHULPHQWVDUHRIWHQDGYHUWLVHGDVEHLQJDEOHWRGHWHFWUDUHHYHQWVD
VXIILFLHQWDPRXQWRIVWDWLVWLFVDQGDGGLWLRQDOFRQWUROH[SHULPHQWVHJFRPSDULVRQZLWKPXWDWLRQV
RUZLWKSDUWLDOO\RUQRQIXQFWLRQDOOLJDQGVRUVXEVWUDWHVDUHUHTXLUHGWRHQVXUHWKDWWKHGHWHFWHG
VXESRSXODWLRQ LVELRORJLFDOO\UHOHYDQWDQGQRWDQDQRPDO\+HQFHDUREXVWVP)5(7DQDO\VLV
VP)5(72SHQ&DOO3RVLWLRQSDSHU

VKRXOGXVHRSWLPL]HGODEHOOLQJSURWRFROVUHVXOWLQJLQSURGXFWVODEHOHGZLWKERWKGRQRUDQGDFFHS
WRUG\HVDWVXEVWDQWLDOIUDFWLRQVDPLQLPXPRIEXWKLJKHUODEHOLQJIUDFWLRQVDUHSUHIHUUHG
DQGULJRURXVTXDOLW\FRQWURORISXULW\HJDQDO\WLFDOFKURPDWRJUDSK\PDVVVSHFWURPHWU\2QO\
RSWLPDOO\ODEHOHGVDPSOHVHQDEOHVWDWLVWLFDOO\UHOHYDQWDQGPHDQLQJIXOLQIRUPDWLRQWREHFROOHFWHG
DQGSUHYHQWV³FKHUU\SLFNLQJ´RILQGLYLGXDOPROHFXOHV,QSULQFLSOHSURSHUDQDO\WLFDOFKURPDWRJ
UDSK\LVSHUIRUPHGWRDFKLHYH!SXUHODEHOHGVDPSOHVWKDWDUHVHSDUDWHGIURPWKHIUHHG\HV
DQGIURPWKHXQODEHOHGVDPSOHVDUHUHFRPPHQGHG$SRVVLEOHUHFRPPHQGHGVP)5(7SURWRFRO
LVWRVWDUWZLWKDQDO\VLVRIGLIIXVLQJIOXRUHVFHQWVSHFLHVWRGHWHUPLQHWKHLTXDOLW\RIODEHOOLQJLL
QXPEHUDQG LLL)5(7SURSHUWLHVRIPDMRUELRFKHPLFDOVSHFLHV:LWK WKLV LQIRUPDWLRQDWKDQG
VP)5(7DQDO\VLVRIVXUIDFHLPPRELOL]HGPROHFXOHVFDQEHSHUIRUPHGZKHUHWKHIXQFWLRQDOLW\RI
ELRPROHFXOHVGXDOODEHOHGZLWKGRQRUDQGDFFHSWRUG\HVZDVYHULILHGE\FRPSDULVRQRIWKHSHU
FHQWDJHRIGXDOODEHOHGELRPROHFXOHVZLWKELRFKHPLFDODFWLYLW\RIWKHODEHOHGVSHFLHVEHIRUHKDQG
WDNLQJLQWRDFFRXQWWKHSRVVLEOHIUDFWLRQRIXQODEHOHGVSHFLHVLQVROXWLRQ7KHSRWHQWLDORIXVHU
ELDVLQVHOHFWLRQRIIOXRUHVFHQWWLPHWUDFHVPLJKWEHOHVVSUREDEOHLIJXLGHGE\WKHLQIRUPDWLRQ
REWDLQHGIURPWKHUREXVWGLIIXVLRQEDVHGDQDO\VLV7KLVWZRVWHSSURFHVVDOVRDOORZVWKHDVVHVV
PHQWRIZKHWKHUELRPROHFXOHVXUIDFH LQWHUDFWLRQV LQWHUIHUHZLWK WKHELRFKHPLFDODFWLYLW\ZKLFK
ZRXOG UHYHDO GLIIHUHQW UHVXOWV REWDLQHG LQ VWHS RQH GLIIXVLRQEDVHG VP)5(7 DQG VWHS WZR
VP)5(7ZLWKLPPRELOL]HGPROHFXOHV
6DPSOHLPPRELOL]DWLRQYLDWKHVXUIDFHDWWDFKPHQWRIELRPROHFXOHVPXVWEHFDUHIXOO\SHU
IRUPHGLQRUGHUWRV\VWHPDWLFDOO\HOLPLQDWHVSXULRXVFRQWULEXWLRQVIURPPROHFXOHVWKDWDUHQRQ
VSHFLILFDOO\ERXQG/DPLFKKDQHHWDO7UDHJHUDQG6FKZDUW]([WHQVLYHHIIRUWVKDYH
EHHQPDGHLQWKHILHOGWRRSWLPL]HVXUIDFHSDVVLYDWLRQSURFHGXUHVWRDGGUHVVWKLVSRWHQWLDOLVVXH
$OWHUQDWLYHO\PROHFXOHVFDQEHHQFDSVXODWHG LQ OLSRVRPHV%RXNRE]D6RQQHQIHOGDQG+DUDQ
2NXPXVHWDO+RZHYHUHYHQKHUHWKHH[WUXVLRQSURFHVVDQGWKHIDFWWKDWQRWDOO
SURWHLQVHQGXSLQVLGHWKHOLSRVRPHFDQDOVRUHGXFHWKHIUDFWLRQRIIXQFWLRQLQJSURWHLQV,QDGGL
WLRQ LQWHUDFWLRQVEHWZHHQ WKHSURWHLQDQGRUG\HVDQG WKH OLSLGVFDQSRVHDSUREOHP&RQWURO
H[SHULPHQWVGHPRQVWUDWLQJWKHVSHFLILFQDWXUHRIWKHVXUIDFHLPPRELOL]DWLRQVWUDWHJ\DUHWKHUHIRUH
SDUDPRXQW'HVSLWHWKHVHGLIILFXOWLHVPXFKFDQEHOHDUQHGIURPVXUIDFHEDVHGH[SHULPHQWV1HY
HUWKHOHVVLWLVLPSRUWDQWWKDWWKHFRQGLWLRQVDQGSHUFHQWDJHRIIXQFWLRQDORUG\QDPLFPROHFXOHV
EHRSHQO\GHVFULEHGZLWKLQWKHSXEOLFDWLRQ5R\+RKQJDQG+D/DPLFKKDQHHWDO
2WKHUHOHJDQWLQWHJUDWHGDSSURDFKHVVXFKDV'1$RULJDPLSODWIRUPV*LHWOHWDO%DUWQLNHW
DORUWKHXVHRIDQWLEURZQLDQHOHFWURNLQHWLF$%(/WUDSV&RKHQDQG0RHUQHURU
QDQRFKDQQHOGHYLFHV7\DJLHWDO)RQWDQDHWDOFDQDOVREHXVHGWRH[FOXGHVXFK
HIIHFWV
%HVLGHVWHVWLQJELRFKHPLFDOSDUDPHWHUVDQGFKHFNLQJIRUFRUUHFWSURWHLQIXQFWLRQDGGL
WLRQDODUWLIDFWVRIWKHG\HVQHHGWREHWDNHQLQWRDFFRXQW7KHVHFDQEHSKRWREOLQNLQJDQGSKRWR
EOHDFKLQJ ZKLFK ERWK FUHDWH DUWLIDFWXDO )5(7VSHFLHV ZKHQ QRW SURSHUO\ UHFRJQL]HGYDQ GHU
9HOGH HW DO  RU VDWXUDWLRQ HIIHFWV UHGXFLQJ RYHUDOO REVHUYHG EULJKWQHVV1HWWHOV HW DO
RFFXUULQJ ZKHQHJ DFFHSWRUVDUH XVHG WKDW KDYHVWURQJ WHQGHQF\ IRU WULSOHWVWDWH IRU
PDWLRQRUSKRWRLVRPHUL]DWLRQRUDUWLILFLDOKLJK)5(7VWDWHVGXHWRG\HG\HLQWHUDFWLRQV6iQFKH]
5LFRHWDO+HQFHZHUHFRPPHQGYDOLGDWLQJDOOLPSRUWDQWELRORJLFDOUHVXOWVZLWKDVHFRQG
)5(7SDLUDQGSHUKDSVPRUH9RHO]HWDO%RUJLDHWDO/HUQHUHWDO
+XVDGDHWDOGH%RHUHWDO0ROHFXOHVDUHDOVRRIWHQODEHOHGVWRFKDVWLFDOO\XVLQJ
GRXEOHF\VWHLQHPXWDWLRQVLQZKLFKFDVHDPL[WXUHRIGRQRUDFFHSWRUDQGDFFHSWRUGRQRUODEHOHG
PROHFXOHV LVPHDVXUHG7KLVPLJKWFDXVHSUREOHPVZKHQWKHGRQRUDFFHSWRUG\HVH[SHULHQFH
GLIIHUHQWPLFURHQYLURQPHQWVDWWKHGLIIHUHQWG\HODEHOLQJSRVLWLRQVOHDGLQJWRGLIIHUHQWȰிYDOXHV7KLVSRWHQWLDOSUREOHP LVDYRLGHGE\DSSO\LQJRUWKRJRQDO ODEHOLQJDSSURDFKHVXVLQJXQQDWXUDO
DPLQRDFLGV0LOOHV7\DJLHWDO6DGRLQHHWDO4XDVWHWDO7KLVFDQDOVREH
DYRLGHGE\SURSHUSODQQLQJRIGRXEOHF\VWHLQHODEHOLQJHLWKHUYLDGLIIHUHQFHVLQWKLRODWHUHDFWLYL
WLHV-DFREHWDO2UHYLHWDORUYLDGLIIHUHQWFKURPDWRJUDSKLFHOXWLRQSURILOHVRIGLI
IHUHQWG\HODEHOLQJVSHFLHV2UHYLHWDO=RVHO+ROODDQG6FKXOHU,WLVLPSRUWDQWWR
VP)5(72SHQ&DOO3RVLWLRQSDSHU

QRWHWKDWVSHFWURVFRSLFSDUDPHWHUVFDQDOVREHXVHGIRUYDOLGDWLRQLWKURXJKWKHDQDO\VLVRIWKH
IOXRUHVFHQFHDQLVRWURSLHVRIGRQRUDQGDFFHSWRUIOXRURSKRUHV5RWKZHOOHWDO+HOOHQNDPS
HWDODQGLLXVLQJWKHFRQVLVWHQF\RIWKH)5(7GDWDLQWKHQHWZRUNWKURXJKWKHDQDO\VLV
RI SRVLWLRQVSHFLILF GHYLDWLRQ ZHLJKWHG UHVLGXDOV RI LQWHUG\H GLVWDQFH EHWZHHQ WKH VWUXFWXUH
PRGHODQGWKHH[SHULPHQW'LPXUDHWDO:KHQWKHORFDOHQYLURQPHQWLQIOXHQFHVWKHSKR
WRSK\VLFDOSURSHUWLHVRIHLWKHUWKHGRQRURUDFFHSWRUIOXRURSKRUHGLIIHUHQW)5(7VXESRSXODWLRQV
ZLOOEHHUURQHRXVO\GHWHFWHG+RZHYHUWKURXJKSURSHUO\GHVLJQHGFRQWUROH[SHULPHQWVIRUH[DP
SOHE\SUHSDULQJVLQJOHF\VWHLQHPXWDQWVIRUERWKSRVLWLRQVDQGERWKG\HVVXFKHUURUVFRXOGLQ
SULQFLSOHEHFRUUHFWHG
 $V D JHQHUDO QRWH D ULJRURXV VFUHHQLQJ SURFHGXUH VKRXOG EH GHYHORSHG IRU FKHFNLQJ
ZKHWKHUWKHPXWDWLRQVPDGHWRDELRPROHFXOHIRUODEHOLQJDQGRUWKHODEHOVWKHPVHOYHVLQIOXHQFH
WKHIXQFWLRQDOLW\RIWKHELRPROHFXOH,QSULQFLSOHG\HODEHOHGELRPROHFXOHVWKDWH[KLELWELRFKHPLFDO
GLIIHUHQFHV FDWDO\WLF DFWLYLW\ ELQGLQJ DIILQLW\ WKHUPRG\QDPLF VWDELOLW\ HWF EH\RQG D FHUWDLQ
WKUHVKROGYDOXHDVFRPSDUHGWRWKHZLOGW\SHZWFRXQWHUSDUWVKRXOGEHGLVFDUGHGDQGQRWXVHG
+RZHYHUZKDWWHVWVVKRXOGEHSHUIRUPHGDQGZKDWWKUHVKROGYDOXHVXVHG"&RXOGWKHUHEHJXLGH
OLQHVRUUHFRPPHQGDWLRQVWKDWZLOOKHOSGLPLQLVKDUELWUDU\RUVXEMHFWLYHFKRLFHV",QDGGLWLRQPXFK
FDQVWLOOEHOHDUQHGDERXWWKHIXQFWLRQDOLW\RIDSURWHLQDQGWKHPROHFXODUPHFKDQLVPVEHKLQGLWV
IXQFWLRQHYHQZKHQWKHG\HVDOWHUWKHV\VWHPZKHQQREHWWHUODEHOLQJDOWHUQDWLYHVDUHDYDLODEOH
7KHUHIRUHZHEHOLHYHDOORIWKHDERYHFKDUDFWHUL]DWLRQVVKRXOGEHGRFXPHQWHGDQGSURYLGHGQRW
RQO\LQWKHSUHSDUDWLYHVHFWLRQRIDSDSHUEXWDOVRZKHQUHSRUWLQJWKHUHVXOWV,QWKHIXWXUHZKHQ
VP)5(7UHVXOWVZLOOEHSDUWRIZZ3'%DFFHVVLRQFRGHVWKHVHUHSRUWVVKRXOGDOVREHJLYHQ

7KHQHHGWRVLPXODWHPHDVXUHPHQWV
:KHQGHYHORSLQJQHZDQDO\VLVWRROVLWLVQHFHVVDU\WRNQRZWKHFDSDELOLWLHVDQGOLPLWD
WLRQVRIWKHGHYHORSHGPHWKRG,QWKHHQGRQHZRXOGOLNHWRNQRZWRZKDWH[WHQWWKHGDWDDQDO\VLV
SURFHGXUHXVHGE\DJLYHQ WHDP UHSUHVHQWV WKHPHDVXUHGV\VWHP7KLVTXHVWLRQ LV UHOHYDQW
HVSHFLDOO\ ZKHQ RWKHU FRPPRQ DQDO\VLV SURFHGXUHV \LHOG GLIIHUHQW UHVXOWV%ODQFR DQG:DOWHU
%HFNHUVHWDO&KHQHWDO8VLQJSULRUNQRZOHGJHDERXWWKHPHDVXUHGV\VWHP
DQGDERXWWKHH[SHULPHQWDOVHWXSRQHFDQSHUIRUPVLPXODWLRQVRIWKHPHDVXUHPHQWVDQGWKHQ
FKHFNZKHWKHUWKHGLIIHUHQWDQDO\VLVSURFHGXUHVDJDLQUHWULHYHGLIIHUHQWUHVXOWVZKHQWKHJURXQG
WUXWKLVWKHVDPH7KLVZD\LWLVSRVVLEOHWRSURYLGHSURSHUUHDVRQLQJIRURQHFKRLFHRIDQDQDO\VLV
SURFHGXUHFRPSDUHGWRRWKHUVDWOHDVWLQDJLYHQFRQWH[W
$VDQH[DPSOHIRUFRQIRFDOEDVHG)5(7RIIUHHO\GLIIXVLQJVLQJOHPROHFXOHVPDQ\VLP
XODWLRQVRIWZDUHSDFNDJHVKDYHEHHQGHYHORSHG&RPPRQWRDOODSSURDFKHVLVWKHVLPXODWLRQRI
WKH%URZQLDQPRWLRQRISDUWLFOHVLQDER[DQGWKHHYDOXDWLRQRIWKHIOXRUHVFHQFHHPLVVLRQEDVHG
RQWKHH[FLWDWLRQHPLVVLRQSURILOHJHQHUDOO\DVVXPHGWREH*DXVVLDQ7KLVUHVXOWVLQDWUDMHFWRU\
RIGHWHFWHGSKRWRQVIURPHDFKPROHFXOHDVDIXQFWLRQRI WLPHDQGKHQFHDVDIXQFWLRQRI LWV
SRVLWLRQDWHDFKPRPHQW$OOSKRWRQVIURPDOOWLPHVDQGDOOPROHFXOHVWRJHWKHUZLWKDQDGGLWLRQDO
EDFNJURXQGSURFHVV IRUPDGDWDVHW WKDWVLPXODWHVFRQIRFDOEDVHGVP)5(7H[SHULPHQWDOUDZ
GDWD7KHQWKHDQDO\VLVRIWKHVLPXODWHGVP)5(7GDWDFDQEHSHUIRUPHGXVLQJGLIIHUHQWSURFH
GXUHVDQGWHVWHGDJDLQVWWKHNQRZQJURXQGWUXWK:KHQVXFKDQDSSURDFKLVDGRSWHGGLIIHUHQW
WHDPVFRXOGNHHSXVLQJWKHLURZQDQDO\VLVSURFHGXUHV\LHOGLQJUHVXOWVWKDWDUHFRPSDUDEOHDFURVV
GLIIHUHQWODERUDWRULHV&XUUHQWO\WKHUHDUHVHYHUDOVLPXODWLRQSDFNDJHVDYDLODEOHL3\%UR0RLL
PRGXOH ZLWKLQ WKH 3$0 VRIWZDUH SDFNDJH LLL %XUEXODWRU LY VLP)&6
KWWSVZZZOIGXFLHGXJOREDOV DQG  Y D PRGXOH LQ )UHWLFD
KWWSVZZZELRFX]KFKVFKXOHUSURJUDPVKWPO)RUWKHVLPXODWLRQRILPPRELOL]HGVLQJOHPROH
FXOHVDQGVLQJOHPROHFXOHYLGHRV609WKHUHLVDPRGXOHLQWKHVRIWZDUHSDFNDJH0$6+)5(7
DYDLODEOH%|UQHUHWDO
3\%UR0RKWWSVJLWKXEFRPWULWHPLR3\%UR0RLVD3\WKRQEDVHGVRIWZDUHSDFNDJHIRU
VLPXODWLQJIUHHO\GLIIXVLQJVLQJOHPROHFXOHIOXRUHVFHQFHGHWHFWLRQLQFOXGLQJ%URZQLDQPRWLRQDQG
G\QDPLFDOH[FKDQJHFXUUHQWO\EHWZHHQWZRVWDWHV7KLVDSSURDFKKDVEHHQHPSOR\HGLQDIHZ
VP)5(72SHQ&DOO3RVLWLRQSDSHU

UHFHQW ZRUNV,QJDUJLROD /HUQHU HW DO  /HUQHU ,QJDUJLROD DQG:HLVV  +DJDL DQG
/HUQHU$QDORJRXVDSSURDFKHVLQFOXGLQJWKHIXOOVLPXODWLRQRIIOXRUHVFHQFHOLIHWLPHDQG
DQLVRWURS\LQIRUPDWLRQDVZHOODVFRQIRUPDWLRQDOPXOWLVWDWHXSWRVWDWHVH[FKDQJHG\QDPLFV
DUH LPSOHPHQWHG LQ WKH 0$7/$%EDVHG 3$0 VRIWZDUH SDFNDJH KWWSVZZZFXSXQL
PXHQFKHQGHSFODPEVRIWZDUHSDPKWPODQGWKH/DE9LHZEDVHG%XUEXODWRUVRIWZDUH.DOLQLQHW
DO)HOHN\DQHWDO'LPXUDHWDO%DUWK9RLWKYRQ9RLWKHQEHUJDQG/DPE
 KWWSZZZPSFKKXGHVRIWZDUHVRIWZDUHSDFNDJHKWPO DQG KDYH EHHQ DSSOLHG WR
EHQFKPDUNQRYHOTXDQWLWDWLYHDQDO\VLVPHWKRGVWRREWDLQVWUXFWXUDODQGNLQHWLFLQIRUPDWLRQ)UHW
LFD KWWSVZZZELRFX]KFKVFKXOHUSURJUDPVKWPO HQDEOHV WKH VLPXODWLRQ RI VLQJOHPROHFXOH
PXOWLFKDQQHOGHWHFWLRQRILPPRELOL]HGPROHFXOHVDQGPL[WXUHVRIIUHHO\GLIIXVLQJVSHFLHVLQFOXG
LQJG\QDPLFH[FKDQJHEHWZHHQDQDUELWUDU\QXPEHURILQWHUQDOHJFRQIRUPDWLRQDOVWDWHV7KH
VLPXODWLRQRIIOXRUHVFHQFHOLIHWLPHDQGDQLVRWURS\LQIRUPDWLRQFDQEHLQFOXGHG.|QLJHWDO
=RVHO HW DO  7KH 0DWODEEDVHG 0$6+)5(7 VRIWZDUH SDFNDJH KWWSVUQD
IUHWRROVJLWKXELR0$6+)5(7KDVEHHQDSSOLHGWRHYDOXDWHWUDQVLWLRQGHWHFWLRQDQGVWDWHLGHQ
WLILFDWLRQDOJRULWKPVXVHGLQSDUWLFXODUIRUWLPHELQQHGVP)5(7WUDMHFWRULHV+DG]LFHWDO
DVZHOODVIRUVSRWGHWHFWLRQLQVLQJOHPROHFXOHYLGHRV609
7RHQVXUHVLPXODWLRQVFDQEHVKDUHGZLWKRXWWKHQHHGIRUH[FKDQJLQJODUJHILOHVRIVLPX
ODWHGSKRWRQFRXQWVRUVLQJOHPROHFXOHYLGHRVWKH3\%UR0R3$0%XUEXODWRUDQG0$6+)5(7
SDFNDJHVSURYLGH LQLWLDOL]DWLRQILOHVWKDWFRQWDLQWKHVLPXODWLRQSDUDPHWHUVDQGWKHVHHGRIWKH
UDQGRPQXPEHUJHQHUDWRUVRWKDWLGHQWLFDOWUDMHFWRULHVFDQEHSURGXFHG'LPXUDHWDO,Q
WKHDEVHQFHRIVLPXODWHGGDWDKDYLQJGDWDPHDVXUHGDQGDQDO\]HGE\YDULRXVJURXSVRSHQO\
DYDLODEOHLVDOVRDSRVVLELOLW\WRFKHFNYDULRXVDQDO\VLVDSSURDFKHV

6WDQGDUGILOHIRUPDW
7RH[SHGLWHWKHH[FKDQJHRIGDWDEHWZHHQGLIIHUHQWJURXSVDQGWHVWLQJRIGLIIHUHQWDQDO\
VLVPHWKRGVLWZRXOGEHEHQHILFLDOWRKDYHDVIHZVWDQGDUGILOHIRUPDWVDVSRVVLEOHWRDYRLGWKH
PXOWLSOLFDWLRQRIDGKRFIRUPDWVGHYHORSHGLQGHSHQGHQWO\DQGUHTXLULQJDVPDQ\VRIWZDUHFRGHV
WREHHIIHFWLYHO\VKDUHGZLWKWKHFRPPXQLW\,QIDFWWKHPRVWYH[LQJLVVXHZLWKWKHDEVHQFHRI
UHFRPPHQGDWLRQV IRU µJRRG SUDFWLFH¶ LV WKDW LQGLYLGXDO ODEV WKHPVHOYHV JR WKURXJK F\FOHV RI
ERRPVDQGEXVWVDVIDUDVGDWDDQGILOHIRUPDWVDUHFRQFHUQHGZKHUHRQHVWXGHQWGHYHORSLQJD
IRUPDWDQGDFFRPSDQ\LQJVRIWZDUHWKDWLVXVHGIRUDZKLOHEHIRUHLWLVVXSHUVHGHGDIHZ\HDUV
ODWHURULQSDUDOOHOE\DGLIIHUHQWFRPELQDWLRQZKHQDGLIIHUHQWVWXGHQWWDNHVRYHU$YDVWDPRXQW
RIGDWDFDQWKXVEHFRPHUDSLGO\REVROHWHDQGLQDFFHVVLEOHEHFDXVHRIODFNRIGRFXPHQWDWLRQDQG
RUVXSSRUW2QOLQHGDWDGHSRVLWLRQLQZHOOGRFXPHQWHGILOHIRUPDWVZRXOGWKHUHIRUHVDYHDORWRI
KHDGDFKHWRPDQ\ODERUDWRULHV
7KHUHXVHRIVP)5(7GDWDFRXOGDOVREHSHUIRUPHGRQOLQHDVSDUWRIWKHGHSRVLWLRQRI
GDWDLQGDWDEDVHV7RGRVRWKHUDZH[SHULPHQWDOGDWDVKRXOGEHVXSSOLHGLQDXQLYHUVDOGDWDILOH
IRUPDWWKDWFRXOGEHHDVLO\UHDGDQGVFUXWLQL]HG,GHDOO\WKHILOHVKRXOGVWRUHERWKUDZGDWDDQG
VXIILFLHQWPHWDGDWDVXFKWKDWLWZLOOFRPSOHWHO\VSHFLI\WKHPHDVXUHPHQWVHWXSDQGVDPSOH6XFK
DSDFNDJHGDWDDQGPHWDGDWDDOORZVWKLUGSDUWLHVWRUHDQDO\]HWKHGDWDLQRUGHUWRFRQILUPSXE
OLVKHGUHVXOWVRUWREHQFKPDUNQHZPHWKRGV,GHDOO\WKHPHWDGDWDVKRXOGEHVWRUHGLQDKXPDQ
UHDGDEOHWH[WEDVHGIRUPDWZKLOHVSDFHHIILFLHQWVWRUDJHRIWKHUDZSKRWRQGDWDVKRXOGEHHQ
VXUHGE\ORVVOHVVFRPSUHVVLRQ7RSURPRWHWKHDGDSWDWLRQRIQHZILOHIRUPDWVFRQYHUVLRQWRROV
IRUROGHUILOHIRUPDWVVKRXOGEHSURYLGHGVRWKDWIXWXUHVRIWZDUHFRGHVFDQIRFXVRQKDQGOLQJRQH
RUDWOHDVWRQO\DYHU\IHZFRPPRQILOHIRUPDW
7KHUHDUHQRZDGD\VPDQ\GLIIHUHQWILOHIRUPDWVGHYHORSHGE\GLIIHUHQWUHVHDUFKJURXSV
DQGFRPSDQLHVWKDWSHUIRUPVLPLODUW\SHVRIH[SHULPHQWV6RPHRIWKHVHILOHIRUPDWVKDYHEHHQ
GHILQHGDQG OXFNLO\RIWHQPDGHSXEOLFO\DYDLODEOHE\FRPSDQLHV WKDWGHYHORSFRPSRQHQWVIRU
H[SHULPHQWDOVHWXSVRUWKHZKROH LQVWUXPHQW:KLOHWKH\DUHVXSSRUWHGLQWKHLUFRUUHVSRQGLQJ
FRPPHUFLDO VRIWZDUH WKH\DUH LQJHQHUDO FORVHG DQG WKHUHIRUHQRW IXOILOOLQJ WKHJRDORI RSHQ
VP)5(72SHQ&DOO3RVLWLRQSDSHU

VFLHQFH0RUHRYHUWKH\DUHQRWJXDUDQWHHGWREHSHUHQQLDOZKLFKSRVHVDQDGGLWLRQDOFKDOOHQJH
WRWKHFRPPXQLW\
)LOHIRUPDWIRUWLPHFRUUHODWHGSKRWRQFRXQWLQJZLWKSRLQWGHWHFWRUGDWDRULJLQDOO\DPXOWLVFDOH
FRXQWLQJXQLWZLWKDQH[WHUQDOFORFNZDVXVHGWRUHFRUGWKHQXPEHURIGHWHFWHGSKRWRQVSKRWRH
OHFWURQVLQDGHILQHGWLPHLQWHUYDOWRFRPSXWHFRXQWUDWHVIRUWKHIOXRUHVFHQFHLQWHQVLW\5LJOHUHW
DO7RLQFUHDVHWKHWLPHUHVROXWLRQWKHWLPHWRWKHSUHFHGLQJVLJQDOSKRWRQZDVUHFRUGHG
DVDPHDVXUHRIWKHPDFURVFRSLFGHWHFWLRQWLPHRIWKHHYHQWVLQWKHH[SHULPHQWPDFURWLPHDQG
GHILQHV WKHEDVLFVLQJOHSKRWRQFRXQWLQJIRUPDW7RDGGIOXRUHVFHQFH OLIHWLPHVWR WKHSUHYLRXV
PHDVXUHPHQWSXOVHGH[FLWDWLRQWRJHWKHUZLWK WLPHFRUUHODWHGVLQJOHSKRWRQFRXQWLQJ7&63&
ZDVFRPELQHGWRUHFRUGWKHSKRWRQGHWHFWLRQWLPHUHODWLYHWRWKHH[FLWDWLRQODVHUSXOVHPRPHQW
PLFURWLPHZLWKQRORVVRIWLPHLQIRUPDWLRQ%URRNV6KHUDHWDO7HOOLQJKXLVHQHWDO
%UDQGHWDO6FKDIIHUHWDO(JJHOLQJHWDO7KHDFFXPXODWLRQRIPLFURWLPH
GDWDHQFRGHV WKH LQIRUPDWLRQDERXW WKHIOXRUHVFHQFH OLIHWLPH,QWKHFRPSDQ\%HFNHU	
+LFNO %	+ LQWURGXFHG V\QFKURQL]HG DQG GHDGWLPHIUHH 7&63& HOHFWURQLFV)HOHN\DQ HW DO
VR WKDW WKHPLFURWLPH DQGPDFURWLPHFDQ EH OLQNHGE\XVLQJ WKHH[FLWDWLRQ ODVHUDVDQ
LQWHUQDOFORFN7KLVZD\WKHH[SHULPHQWWLPHFDQEHUHFRUGHGIRUXSWRKRXUVZLWKSLFRVHFRQG
UHVROXWLRQDQGDIXOOIOXRUHVFHQFHFRUUHODWLRQIURPSLFRVHFRQGVWRWKRXVDQGVRIVHFRQGVFDQEH
FDOFXODWHG)HOHN\DQHWDO$VPRUHWKDQRQHGHWHFWRULVXVHGLQ)5(7DQGLQSRODUL]DWLRQ
UHVROYHGVWXGLHV:LGHQJUHQHWDO:DKOHWDOHDFKWLPHVWDPSIRUDGHWHFWHGSKR
WRQ LVVWRUHGWRJHWKHUZLWKWKH LQIRUPDWLRQIRUWKHVSHFLILFGHWHFWRUWKDWUHJLVWHUHGLW)LJXUH
7KLVIRUPDWKDVEHHQZLGHO\DGRSWHGE\FRPPHUFLDOFRPSDQLHVHJ%	+3LFR4XDQW34IRU
WKHLU7&63&HOHFWURQLFVZKLFKLVRIWHQXVHGIRUVROXWLRQDQGLPDJLQJVWXGLHVZLWKSRLQWGHWHFWRUV
7KHVH EDVLF SULQFLSOHV KDYH UHFHQWO\ EHHQ H[WHQGHG LQ WKH 3KRWRQ+')$QWRQLQR
,QJDUJLRODHWDOILOHIRUPDWWKDWFRQQHFWVWKHUHTXLUHGPHWDGDWDZLWKWKHUDZSKRWRQLQIRU
PDWLRQLQDVLQJOHVSDFHHIILFLHQWIRUPDWWKDWLVVXLWDEOHIRUVKDULQJDQGORQJWHUPGDWDDUFKLYDO
)URP WKH EHJLQQLQJ WKH GHYHORSPHQW RI WKH IRUPDW KDV EHHQ GRQH RSHQO\ RQ *LW+XE
KWWSVJLWKXEFRP3KRWRQ+')
HQFRXUDJLQJ FRPPHQWV DQG LQYROYH
PHQW IURP WKH FRPPXQLW\ 7KH ULFK
PHWDGDWD LQFOXGHG LQ 3KRWRQ+')
SURPRWHVEHVWSUDFWLFHVLQGRFXPHQW
LQJ H[SHULPHQWDO GHWDLOV 7R EHWWHU
FRPPXQLFDWHGDWDWUDQVIHUXVLQJWKH
3KRWRQ+') ILOH IRUPDW VFULSWV IRU
FRQYHUVLRQ RI PXOWLSOH GLIIHUHQW ILOH
IRUPDWVHJIURP%HFNHU	+LFNODQG
3LFR4XDQWLQWRWKH3KRWRQ+')ILOH
IRUPDWKDYHEHHQLQWURGXFHG3KRWRQ
+')PLJKWQRWEHWKHXOWLPDWHIRUPDW
DQGPLJKWQHHGIXUWKHUGHYHORSPHQW
EXW LWVXQGHUO\LQJSKLORVRSK\ LVZHOO
DOLJQHGZLWKWKHSURSRVHGUHFRPPHQ
GDWLRQLQWKLVDUWLFOH
)LOH IRUPDW IRU ZLGHILHOG7,5) FDP
HUDEDVHG DFTXLVLWLRQ 7KLV W\SH RI
GDWDLVDFTXLUHGDVDVWDFNRILPDJHV
HJ 7,)) 7R H[WUDFW WLPH WUDMHFWR
ULHVTXLWHDELW RI VHOHFWLRQILOWHULQJ LVQHHGHG LQRUGHU WR\LHOG WLPHGELQQHGSKRWRQ OLVWV VSRW
LGHQWLILFDWLRQ'DQG$VSRWDVVRFLDWLRQWKUHVKROGLQJWLPHWUDMHFWRU\H[WUDFWLRQEDFNJURXQGVXE
WUDFWLRQHWF$ILOHIRUPDWIRU7,5)EDVHGVP)5(7LPPRELOL]HGPHDVXUHPHQWVKDVEHHQSUR
)LJ7KHIRUPDWRIWKHWLPHWDJJHGWLPHUHVROYHGGHVFULSWLRQRI
VLQJOHSKRWRQ GHWHFWLRQV XVHG LQ VP)5(7 (DFK SKRWRQ WKDW LV
GHWHFWHGE\RQHRIGHWHFWRUV&KLVGHWHFWHGDWDJLYHQWLPH
ODERUDWRU\WLPHFRPSULVHGRIWKHDGGLWLRQRIVRPHPXOWLSOHRIWKH
GHWHFWLRQFORFNWLPH\LHOGLQJWKHSKRWRQPDFURWLPHDQGWKHWLPH
UHODWLYHWRWKHPRPHQWRIH[FLWDWLRQ\LHOGLQJWKHSKRWRQQDQRWLPH
7KHUHSUHVHQWDWLRQRIWKHSKRWRQGHWHFWLRQWLPHLQVWHDG\VWDWHRU
WLPHUHVROYHG VP)5(7 LV E\ WKHPDFURWLPH LQ WLPHWDJJHG 77
IRUPDWRUE\WKHVXPRIWKHPDFURWLPHDQGWKHQDQRWLPHLQWLPH
WDJJHG WLPHUHVROYHG 7775 IRUPDW UHVSHFWLYHO\ )LJ  LV
DGDSHGIURP)HOHN\DQHWDOZLWKSHUPLVVLRQ
VP)5(72SHQ&DOO3RVLWLRQSDSHU

SRVHG*UHHQIHOGHWDO$OWHUQDWLYHO\KXPDQUHDGDEOHSODLQWH[WILOHVZLWKDQDJUHHGIRU
PDWZRUNZHOOIRU7,5)EDVHGVP)5(7WUDFHVVLQFHWKHDPRXQWRIGDWDLVVPDOOLQSDUWLFXODU
ZKHQFRPSDUHGWRWKHUDZ7,))VWDFNV6XFKSODLQWH[WILOHVKDYHEHHQXVHGLQWKHNLQ6RIW&KDO
OHQJHVXFFHVVIXOO\E\VHYHUDOODEV
([FKDQJHILOHIRUPDWIRUSURFHVVHGGDWD&XUUHQWO\PXOWLSOHVRIWZDUHSDFNDJHVH[LVWIRUWKHDQDO
\VLVRIVP)5(7H[SHULPHQWVHDFKZLWKLWVVWUHQJWKVDQGZHDNQHVVHV:KLOHWKHVRIWZDUHSDFN
DJHVDUHRIWHQPRGXODU WKHXVHRI D FHUWDLQ DQDO\VLV WRRO RIWHQ UHTXLUHV WKDW WKH GDWD EH UH
DQDO\]HGLQWKHJLYHQVRIWZDUH7RDGGUHVVWKLVVLWXDWLRQZHUHFRPPHQGWKDWH[FKDQJHILOHIRU
PDWVEHGHILQHGIRUGLIIHUHQWOHYHOVRISURFHVVHGGDWDHJEXUVWDQDO\VLVGDWDVHWV)&6FXUYHV
)5(7HIILFLHQF\KLVWRJUDPV7&63&GHFD\VSKRWRQFRXQWVIRUSKRWRQGLVWULEXWLRQDQDO\VLV,Q
WKLVZD\UHVHDUFKHUVZLOOEHDEOHWRFRPELQHGLIIHUHQWVRIWZDUHSDFNDJHVLQDPRGXODUZRUNIORZ
WDLORUHGWRWKHLUVSHFLILFXVHFDVH([FKDQJHILOHIRUPDWVZLOODOVRORZHUWKHEDUULHUWRDGRSWQHZ
DQDO\VLVDSSURDFKHVHQVXULQJWKDWWKHIXOOFDSDELOLWLHVRIWKHWRROVDYDLODEOHLQWKHFRPPXQLW\FDQ
EHLPSOHPHQWHGZLWKPLQLPDOWLPHLQYHVWPHQWDQGWKDWWKHPD[LPXPDPRXQWRILQIRUPDWLRQSHU
WKHW\SHRISURFHVVHGGDWDFDQEHH[WUDFWHGIURPWKHH[SHULPHQWDOGDWD,QDGGLWLRQLISURFHVVHG
GDWD LVVWRUHGZLWKSXEOLFDWLRQVWKHXVHRIDJUHHGXSRQILOHIRUPDWVZLOOHQDEOHUHVHDUFKHUVWR
UHSURGXFHWKHDQDO\VLVZLWKPLQLPDOHIIRUW7KHGHSRVLWLRQRISURFHVVHGGDWDZLWKSXEOLFDWLRQVZLOO
DOVREHXVHIXO IRU WKHGHYHORSPHQWRI IRUZDUGPRGHOLQJDSSURDFKHV WKDWDLPWRUHSURGXFHWKH
H[SHULPHQWDOLQIRUPDWLRQIOXRUHVFHQFHGHFD\V)5(7HIILFLHQF\KLVWRJUDPVIURPWKHVWUXFWXUDO
PRGHOVRUHQVHPEOHV.|ILQJHUHWDO7RIDFLOLWDWHWKHH[FKDQJHEHWZHHQGLIIHUHQWVRIWZDUH
SDFNDJHVDQGWKHDGRSWLRQRIH[FKDQJHILOHIRUPDWVZHSURSRVHWKDWDFRPPDQGOLQHILOHFRQ
YHUVLRQ WRRO VKRXOG EH GHYHORSHG KWWSVJLWKXEFRP)OXRUHVFHQFH7RROVH[FKDQJHIRUPDWV
+RZHYHUZHEHOLHYHLWLVLPSRUWDQWWRNHHSVRPHXQLTXHLGHQWLILHULQHDFKIRUPDWH[FKDQJHRS
HUDWLRQLQRUGHUQRWWRFRPSURPLVHWKHFRQFHSWRIUDZGDWD7RIXOILOOWKLVUHTXLUHPHQWLWLVFUXFLDO
WRSURSHUO\GRFXPHQWPHWDGDWDFRQWHQWUHIHUULQJWRWKHUDZGDWDIURPZKLFKWKHSURFHVVHGGDWD
ZDVH[WUDFWHG

7KHQHHGIRUSURSHUGRFXPHQWDWLRQRIGDWDDQDO\VLVSUDFWLFHV
7RUHDOL]HWKH)$,5SULQFLSOHWKDWGDWDVKRXOGEH)LQGDEOH$FFHVVLEOH,QWHURSHUDEOHDQG
5HXVDEOH´WKHSURFHGXUHVWDNHQWRDQDO\]HH[SHULPHQWDOGDWDVKRXOGQRWRQO\EHSURYLGHGEXW
DOVRZHOOGRFXPHQWHG7KDWLQFOXGHVGHVFULELQJHDFKVWHSWKHUHDVRQVIRUWDNLQJLWDQGLWVPHDQ
LQJV7RHQVXUHWKDWWKHDQDO\VLVUHPDLQVWUDQVSDUHQWDQGWUDFWDEOHDOOSDUDPHWHUVDQGVHWWLQJV
XVHGIRUDQDO\VLVVKRXOGEHVWRUHGDWDQ\SRLQWLHDQDO\VLVLQSXWDQGRXWSXWILOHVVKRXOGDFFRP
SDQ\WKHGDWD
7KHUHLVDOUHDG\DODUJHQXPEHURIGLIIHUHQWIUHHO\DYDLODEOHSURJUDPVVHH7DEOHWKDW
RIIHUDODUJHYDULHW\RIDQDO\VLVSURFHGXUHVIRUVLQJOHPROHFXOHSKRWRQWUDMHFWRULHVFRQIRFDODQG
VLQJOHPROHFXOHYLGHRVZLGHILHOG7,5)GDWD'HSHQGLQJRQWKHXVHUFRPPXQLW\DQGXVHUH[SH
ULHQFHJUDSKLFDODQGFRPPDQGOLQHZRUNVSDFHVZHUHUHDOL]HG,QWKLVFRQWH[WZHVWURQJO\EHOLHYH
DQGUHFRPPHQGWKDWWKHDQDO\VLVFRGHVVKRXOGEHRSHQIRUWKHFRPPXQLW\WRUHDGDVZHOODV
ZULWHDQGPRGLI\7RLPSURYHWKHLQWHURSHUDWLRQEHWZHHQPHWKRGVDQGWRHVWDEOLVKFRQYHQLHQW
GRFXPHQWDWLRQSURWRFROVLWLVHVVHQWLDOWRZRUNLQDQRSHQPXOWLYDOHQWHQYLURQPHQW(VWDEOLVKLQJ
DFRPPXQLW\ZLGHZRUNLQJJURXS³$QDO\VLVVRIWZDUHIRU)5(7´LQWKHFRQWH[WRIWKH)5(7FRP
PXQLW\PLJKWDVVLVWLQRUJDQL]LQJDQGPRGHUDWLQJWKLVSURFHVV+RZHYHUWKHSURGXFWRIWKLVZRUN
LQJJURXSVKRXOGEHWUHDWHGDVµVRIWUHFRPPHQGDWLRQV¶DQGVKRXOGQRWDWDQ\PRPHQWLPSRVH
QHZVRIWZDUHGHYHORSPHQWVRUWRXVHDQ\RIWKHDOUHDG\H[LVWLQJWRROV
)RUWKLVJRDOWKHXVHRIWKHEURZVHUEDVHGVRIWZDUHVXFKDV³-XS\WHUQRWHERRNV´DQGRU
RWKHUDYDLODEOHZRUNVSDFHVPD\VHUYHDVDSRWHQWLDOO\FRQYHQLHQWSODWIRUPIRUH[SHUWVGHYHORSLQJ
PHWKRGVDQGGHSRVLWLQJGRFXPHQWHGDQDO\VLVSURFHGXUHV6XFKZRUNVSDFHVSURYLGHDQLQWHUDF
WLYHVFULSWLQJHQYLURQPHQWE\FRPELQLQJDULFKGRFXPHQWZLWKFRGHFRPPDQGVDVZHOODVFRGH
RXWSXWVHJILJXUHVWDEOHVFRPPHQWVHTXDWLRQVDQGH[SODQDWLRQVLQDVLQJOHZHEEDVHGGRF
XPHQW6XFKZHEEDVHGZRUNVSDFHHQYLURQPHQWVFDQEHHDVLO\ UHDGDQGGLVWULEXWHGRYHU WKH
VP)5(72SHQ&DOO3RVLWLRQSDSHU

LQWHUQHWDVZHOODV UHUXQFKHFNHGRUPRGLILHGDQGVXSSRUWVVHYHUDOSURJUDPPLQJ ODQJXDJHV
LQFOXGLQJS\WKRQ5&DQGWRVRPHH[WHQW0$7/$%,QWKHGHYHORSPHQWVWDJHZHVXJJHVW
FUHDWLQJDVHSDUDWHOLEUDU\WRLPSOHPHQWDOOWKHFRUHIXQFWLRQVDQGVWHSVIRUDJLYHQPHWKRG7KHVH
IXQFWLRQVFDQEHFDOOHGE\DVSHFLILFDQDO\VLVZRUNIORZDOORZLQJWKHXVHUWRFKDQJHSDUDPHWHUV
DQG H[SORUH UHVXOWV:LWK WKLVDSSURDFK WKH OLEUDU\ FDQEHGHYHORSHGXVLQJPRGHUQVRIWZDUH
HQJLQHHULQJ DSSURDFKHV DQG WRROLQJ WKXV PLQLPL]LQJ WKH H[FKDQJH RI EXJV DQG IDFLOLWDWLQJ
PDLQWHQDQFH6RIWZDUHHQJLQHHULQJDSSURDFKHVWREHXVHGLQVFLHQWLILFVRIWZDUHLQFOXGHYHUVLRQ
FRQWUROFRGHUHYLHZXQLWWHVWLQJFRQWLQXRXVLQWHJUDWLRQDQGDXWRJHQHUDWLRQRI+70/PDQXDOV
,QWKHQH[WVWHSZHOOGRFXPHQWHGHDV\WRXVH-XS\WHUQRWHERRNVFDQKHOSQHZFRPHUVWRWKH
ILHOGSHUIRUPVXFKFRPSOH[DQDO\VHVDOUHDG\LQWKHQRWHERRNHQYLURQPHQWZLWKPLQLPDODGDSWD
WLRQHIIRUWV,QGHHGZHOOGRFXPHQWHGHDV\WRXVHQRWHERRNVLQFOXGLQJVXFKFRPSOH[DQDO\VLV
WDVNVKDYHEHHQSURYLGHGWRDQGE\WKHFRPPXQLW\IRUH[DPSOHIRUDVVHVVLQJVP)5(7G\QDP
LFVLQPLFURVHFRQGDOWHUQDWLQJODVHUH[FLWDWLRQȝV$/(;.DSDQLGLVHWDO/HHHWDO
PHDVXUHPHQWV/HUQHURULQQDQRVHFRQGDOWHUQDWLQJODVHUH[FLWDWLRQQV$/(;/DXUHQFHHW
DOSXOVHGLQWHUOHDYHGH[FLWDWLRQ3,(0OOHUHWDOPHDVXUHPHQWV/HUQHU
2WKHUVRIWZDUHKDYHUHFHQWO\VWDUWHGIROORZLQJWKLVURXWHDVZHOOSURYLGLQJDVXLWHRIQRWHERRNV
EDVHGRQ)5(7%XUVWV$ ,QJDUJLRODHWDODQGDYDLODEOHRQ WKHVPI%R[$PEURVHHWDO
 *LW+XE KWWSVFUDJJVODEJLWKXELRVPI%R[ IRU WKH ZRUNIORZ IURP UDZ SKRWRQ+')
ILOHV$QWRQLQR,QJDUJLRODHWDOWKURXJKWKHGHWHUPLQDWLRQRIDOOFRUUHFWLRQIDFWRUVDUULYLQJ
DWDEVROXWHDFFXUDWH)5(7HIILFLHQFLHV
$OWKRXJKWKHQRWHERRNDSSURDFKRIIHUVDGYDQWDJHV WRVRIWZDUHGHYHORSHUVDQGH[SHUL
HQFHGXVHUVLWPLJKWEHGLIILFXOWIRUPDQ\HQGXVHUVWRQDYLJDWHWKHFRPPDQGOLQHHQYLURQPHQW
DQGDGDSWWRWKHVFULSWEDVHGZRUNIORZ)RUVXFKXVHUVLWLVVDIHUDQGPRUHFRQYHQLHQWWRXVH
HVWDEOLVKHGDQGWHVWHGDOJRULWKPVHPEHGGHGLQJUDSKLFDOXVHULQWHUIDFHV*8,V,QGHHGWKHUHLV
DODUJHYDULHW\RIXVHUIULHQGO\VRIWZDUHDYDLODEOH7DEOH$VDILUVWVWHSWRZDUGVWKLVJRDOZH
SURSRVHWKDWDVRIWZDUHOLEUDU\HJD3\WKRQSDFNDJHVKRXOGEHHVWDEOLVKHGWKDWFRQWDLQVHV
WDEOLVKHGDQGWHVWHGDOJRULWKPVIRUWKHDQDO\VLVRIIOXRUHVFHQFHH[SHULPHQWVDOORZLQJWKHPWREH
HIILFLHQWO\GLVWULEXWHGDQGLPSOHPHQWHGLQH[LVWLQJZRUNIORZV6XFKHIIRUWVKDYHDOUHDG\EHHQLQL
WLDWHG LQ WKH)5(7EXUVWVVRIWZDUHSDFNDJH$ ,QJDUJLRODHWDODQGD*LW+XEJURXSKDV
EHHQHVWDEOLVKHGDWKWWSVJLWKXEFRP)OXRUHVFHQFH7RROVWRFROOHFWVRIWZDUHSDFNDJHVDQGFRQ
QHFWVRIWZDUHGHYHORSHUV

7DEOH/LVWRIVRIWZDUHSDFNDJHVIRUWKHDQDO\VLVRI)5(7H[SHULPHQWVDQGLQWHJUDWLYH)5(7UHVWUDLQHGVWUXFWXUHPRGHOLQJ
6RIWZDUH 7\SH 'HVFULSWLRQ 85/
2SHQ60)6 &RQIRFDO
$FROOHFWLRQRIWRROV$,QJDUJLRODHWDOIRUVROXWLRQEDVHGVLQ
JOHPROHFXOHIOXRUHVFHQFHVSHFWURVFRS\LQFOXGLQJVLQJOHPROHFXOH
)5(7)&60&'(3,,QJDUJLROD:HLVVDQG/HUQHU
KWWSVJLWKXEFRP2SHQ60)6
0)' 6SHFWURV
FRS\ DQG ,PDJ
LQJ
&RQIRFDO
$VRIWZDUHSDFNDJHIRUFRQIRFDOIOXRUHVFHQFHVSHFWURVFRS\DQGLP
DJLQJ H[SHULPHQWV XVLQJ PXOWLSDUDPHWHU IOXRUHVFHQFH GHWHFWLRQ
0)'ZLWKDOOWRROVI)&63'$VH7&63&%XUEXODWRUDQGPXOWLSD
UDPHWHUIOXRUHVFHQFHLPDJHVSHFWURVFRS\0),6.KQHPXWKDQG
6HLGHO)HOHN\DQHWDO$QWRQLNHWDO:LGHQJUHQ
HWDO
KWWSZZZPSFKKXGHVRIW
ZDUHVRIWZDUHSDFNDJHKWPO
+00 &RQIRFDO
+00LVDPD[LPXPOLNHOLKRRGHVWLPDWLRQDOJRULWKPIRUSKRWRQE\
SKRWRQDQDO\VLVRIVLQJOHPROHFXOH)5(7H[SHULPHQWV3LUFKLHWDO

KWWSSXEVDFVRUJGRLVXSSO
DFVMSFEEVXSSOB
ILOHMSEBVLB]LS
$/L; &RQIRFDO
$/L;LVGHYHORSHGIRUEDVLFUHVHDUFKRQGLIIXVLQJWZRFRORUVLQJOH
PROHFXOH )5(7 LQ VLQJOH RU PXOWLSOH VSRW JHRPHWULHV,QJDUJLROD
/HUQHUHWDO
KWWSVVLWHVJRRJOHFRPDJXFO
DHGXDOL[
VP)5(72SHQ&DOO3RVLWLRQSDSHU

VPI%R[ &RQIRFDO &RQIRFDOVP)5(7SODWIRUPSURYLGLQJEXLOG LQVWUXFWLRQVDQGRSHQVRXUFHDFTXLVLWLRQVRIWZDUH$PEURVHHWDO
KWWSVFUDJJVODEJLWKXELRVPI
%R[
&KL6XUI
&RQIRFDO
(QVHPEOH
0RGHOOLQJ
&KL6XUILVDIOXRUHVFHQFHDQDO\VLVSODWIRUPIRUWKHDQDO\VLVRIWLPH
UHVROYHG IOXRUHVFHQFH GHFD\V3HXOHQ 2SDQDV\XN DQG 6HLGHO

KWWSVJLWKXEFRP)OXRUHV
FHQFH7RROV&KL6XUIZLNL
U)5(7 &RQIRFDO,PDJLQJ
U)5(7LVDFRPSUHKHQVLYH0DWODEEDVHGSURJUDPIRUDQDO\]LQJUD
WLRPHWULFPLFURVFRSLF)5(7H[SHULPHQWV1DJ\HWDO
KWWSVSHWHU
QDJ\ZHEVFRPIUHWUIUHW
3$03,($QDO
\VLV ZLWK
0$7/$%
&RQIRFDO
,PDJLQJ
(QVHPEOH
3$03,(DQDO\VLVZLWK0DWODE LVD*8,EDVHGVRIWZDUHSDFNDJH
IRU WKHDQDO\VLVRI IOXRUHVFHQFHH[SHULPHQWVDQGVXSSRUWVD ODUJH
QXPEHURIDQDO\VLVPHWKRGVUDQJLQJIURPVLQJOHPROHFXOHPHWKRGV
WRLPDJLQJ6FKULPSIHWDO
KWWSVZZZFXSXQL
PXHQFKHQGHSFODPEVRIW
ZDUHSDPKWPO
)UHWLFD &RQIRFDO
)UHWLFDD0DWKHPDWLFDSDFNDJHZLWKDEDFNHQGZULWWHQLQ&LVD
XVHUH[WHQGDEOHWRROER[WKDWVXSSRUWV0)'3,($/(;3&+0OOHU
&KHQ DQG *UDWWRQ  +XDQJ 3HUURXG DQG =DUH 
),'$.DVNHWDO*RSLFKDQG6]DER3'$$QWRQLNHW
DO(UQVWHWDO UHFXUUHQFHDQDO\VLV+RIIPDQQHWDO
 IOXRUHVFHQFH OLIHWLPH ILWWLQJ)/,0)&6)/&6'HUWLQJHUHW
DO$UERXUDQG(QGHUOHLQGXDOIRFXV)&6QV)&61HW
WHOVHWDO6FKXOHUDQG+RIPDQQPD[LPXPOLNHOLKRRG
HVWLPDWLRQ IURP SKRWRQE\SKRWRQ*RSLFK DQG 6]DER  DQG
ELQQHGWUDMHFWRULHVVLPXODWLRQRIFRQIRFDOH[SHULPHQWVDQGPRUH
KWWSVZZZELRFX]KFKVFKXOH
USURJUDPVKWPO
0$6+)5(7 7,5)
0$6+)5(7 LV D 0DWODEEDVHG VRIWZDUH SDFNDJH IRU WKH VLPXOD
WLRQ%|UQHUHWDODQGDQDO\VLVRIVLQJOHPROHFXOH)5(7YLG
HRV DQG WUDMHFWRULHV YLGHR SURFHVVLQJ+DG]LF HW DO  KLVWR
JUDPDQDO\VLV.|QLJHWDODQGWUDQVLWLRQVDQDO\VLV.|QLJHW
DO+DG]LFHWDO
KWWSVUQD
IUHWRROVJLWKXELR0$6+)5(7
PL&8%( 7,5) 7,5) VP)5(7 SODWIRUP SURYLGLQJ GHWDLOHG EXLOG LQVWUXFWLRQV DQGRSHQVRXUFHDFTXLVLWLRQVRIWZDUH0DUWHQVHWDO KWWSVKRKOEHLQODEJLWKXELRPL&XEHLQGH[KWPO
7ZR7RQH 7,5) $7,5))5(7DQDO\VLVSDFNDJHIRUWKHDXWRPDWLFDQDO\VLVRIVLQJOHPROHFXOH)5(7PRYLHV+ROGHQ8SKRIIDQG.DSDQLGLV
KWWSVJURXSVSK\V
LFVR[DFXNJHQHPD
FKLQHVJURXS0DLQ6RIW
ZDUHKWPO
HE)5(7 7,5)
HE)5(7 SHUIRUPV FRPELQHG DQDO\VLV RQ PXOWLSOH VLQJOHPROHFXOH
)5(7WLPHVHULHVWROHDUQDVHWRIUDWHVDQGVWDWHVYDQGH0HHQWHW
DO
KWWSVHEIUHWJLWKXELR
YE)5(7 7,5)
YE)5(7XVHVYDULDWLRQDO%D\HVLDQLQIHUHQFHWROHDUQKLGGHQ0DUNRY
PRGHOVIURPLQGLYLGXDOVLQJOHPROHFXOHIOXRUHVFHQFHUHVRQDQFHHQ
HUJ\WUDQVIHUHIILFLHQF\WLPHWUDMHFWRULHV%URQVRQHWDO
KWWSZZZFROXP
ELDHGXFXFKHPLV
WU\JURXSVJRQ]DOH]VRIW
ZDUHKWPO
67D6, 7,5) 67D6,XVHVWKH6WXGHQW¶VWWHVWDQGJURXSVWKHVHJPHQWVLQWRVWDWHVE\KLHUDUFKLFDOFOXVWHULQJ6KXDQJHWDO KWWSVJLWKXEFRP/DQGHV/DE67D6,
L606 7,5)
L606LVDXVHULQWHUIDFHGVRIWZDUHSDFNDJHIRUVP)5(7GDWDDQDO
\VLV,WLQFOXGHVH[WUDFWLRQRIWLPHWUDFHVIURPPRYLHVWUDFHVJURXS
LQJVHOHFWLRQ WRROVDFFRUGLQJ WRGHILQHGFULWHULDDSSOLFDWLRQRIFRU
UHFWLRQVGDWDYLVXDOL]DWLRQDQGDQDO\VLVZLWKKLGGHQ0DUNRYPRGHO
LQJDQGLPSRUWH[SRUWSRVVLELOLWLHVLQGLIIHUHQWIRUPDWVIRUGDWDVKDU
LQJ3UHXVHWDO
KWWSLVPVDXGN
+D00\ 7,5) VP)5(7DQDO\VLVDQGKLGGHQ0DUNRYPRGHOLQJ0F.LQQH\-RRDQG+D
KWWSKDPHGMKPLHGXUH
VRXUFHV
VP)5(72SHQ&DOO3RVLWLRQSDSHU

VP&DPHUD 7,5) VP)5(7 GDWD DFTXLVLWLRQ :LQGRZV H[H DQG DQDO\VLV ,'/0$7/$%ZLWKH[DPSOHGDWD5R\+RKQJDQG+D
KWWSKDPHGMKPLHGXUH
VRXUFHV
60$&.6 7,5)
60$&.6VLQJOHPROHFXOHDQDO\VLVRIFRPSOH[NLQHWLFVHTXHQFHV
LVDPD[LPXPOLNHOLKRRGDSSURDFKWRH[WUDFWNLQHWLFUDWHPRGHOVIURP
QRLV\VLQJOHPROHFXOHGDWD6FKPLG*|W]DQG+XJHO
KWWSVZZZVLQJOHPROH
FXOHXQLIUHLEXUJGHVRIW
ZDUHVPDFNV
63$57$1 7,5)
$XWRPDWHGDQDO\VLVRIVP)5(7PXOWLSOHVLQJOHPROHFXOHUHFRUGLQJV
,QFOXGHVH[WUDFWLRQRIWUDFHVIURPPRYLHVVHOHFWLRQRIWUDFHVDFFRUG
LQJ WR GHILQHG FULWHULD DSSOLFDWLRQ RI FRUUHFWLRQV KLGGHQ 0DUNRY
PRGHOLQJVLPXODWLRQVDQGGDWDYLVXDOL]DWLRQ-XHWWHHWDO
KWWSVZZZVFRWWFEODQFKDUG
ODEFRPVRIWZDUH
)36 0RGHOLQJ
$ WRRONLW IRU )|UVWHU UHVRQDQFH HQHUJ\ WUDQVIHU )5(7 UHVWUDLQHG
PRGHOLQJRIELRPROHFXOHVDQGWKHLUFRPSOH[HVIRUTXDQWLWDWLYHDSSOL
FDWLRQVLQVWUXFWXUDOELRORJ\.DOLQLQHWDO
KWWSZZZPSFKKXGHVRIW
ZDUHISVKWPO

)DVW136 0RGHOLQJ $QDQRSRVLWLRQLQJV\VWHPIRUPDFURPROHFXODUVWUXFWXUDODQDO\VLVWREHH[WHQGHGE\WKHDXWKRUV(LOHUWHWDO
KWWSG[GRLRUJ]W]M
U
/DEHO/LE 0RGHOLQJ
/DEHO/LELVD&OLEUDU\IRUWKHVLPXODWLRQRIWKHDFFHVVLEOHYROXPH
$9RIVPDOOSUREHVIOH[LEO\FRXSOHGWRELRPROHFXOHV.DOLQLQHWDO
'LPXUDHWDO
KWWSVJLWKXEFRP)OXRUHV
FHQFH7RROV/DEHO/LE
)5(7UHVW
LQ$PEHU 0RGHOLQJ
)5(7UHVWLVDVHWRIKHOSHUVFULSWVIRUJHQHUDWLQJ)5(7UHVWUDLQWVIRU
0ROHFXODU'\QDPLFV0'VLPXODWLRQVSHUIRUPHGZLWKWKH$0%(5
6RIWZDUH6XLWH'LPXUDHWDO
KWWSDP
EHUPGRUJGRF$PEHUSGI


*XLGHOLQHVDQGUHFRPPHQGDWLRQVRIXVLQJVP)5(7IRULQWHJUDWLYHVWUXFWXUDOELRORJ\
2QHLPSRUWDQWH[DPSOHIRUGHYHORSLQJUHFRPPHQGDWLRQVDQGVWDQGDUGVIRUWKHFRPPX
QLW\FRPHVIURPWKH:RUOGZLGH3URWHLQ'DWD%DQNZZ3'%%HUPDQ+HQULFNDQG1DNDPXUD
<RXQJHWDO*LYHQWKHLPSRUWDQFHRILQWHJUDWLYHVWUXFWXUHVIRUDGYDQFLQJOLIHVFL
HQFHVDQGWKHVLJQLILFDQWZRUOGZLGHLQYHVWPHQWPDGHWRGHWHUPLQHWKHPWKHZZ3'%LQLWLDWHGDQ
HIIRUWWRDGGUHVVWKHNH\FKDOOHQJHVLQHQKDQFLQJLWVGDWDSURFHVVLQJSLSHOLQHWRDFFRPPRGDWH
LQWHJUDWLYHVWUXFWXUHV6DOLHWDO6WUXFWXUDOPRGHOVDQGNLQHWLFQHWZRUNVREWDLQHGXVLQJ
)5(7H[SHULPHQWVFRXOGEHGHSRVLWHGLQWKHSURWRW\SHDUFKLYLQJV\VWHP3'%'HYIRULQWHJUDWLYH
RUK\EULGPRGHOLQJ,+09DOODWHWDO7KH,+07DVN)RUFHRIWKHZZ3'%KDVVXJJHVWHG
WRDOOPHWKRGRORJLFFRPPXQLWLHVLQFOXGLQJ)5(7WKDWWKH\VKRXOGGHYHORSVSHFLILFUHFRPPHQ
GDWLRQVIRUWKHLUPHDVXUHPHQWVWKHLUDQDO\VHVDQGKRZWKH\DUHUHSRUWHGDQGGRFXPHQWHGIRO
ORZLQJWKHJHQHUDOJXLGHOLQHVVXPPDUL]HG%HUPDQHWDO,QWKHORQJWHUPWKHVHUHFRP
PHQGDWLRQVFRXOGGHYHORSWRZDUGVDVWDQGDUGIRUJRRGVFLHQWLILFSUDFWLFH7KHZRUNLQJSULQFLSOH
RI3'%'HYUHOLHVRQIHGHUDWLQJVWUXFWXUDOPRGHOVDQGH[SHULPHQWDOGDWDZLWKDSSURSULDWHGDWD
H[FKDQJHDSURSRVDOWRHVWDEOLVKD)OXRUHVFHQFH%LRORJLFDO'DWD%DQN)O%'%IRUWKHDUFKLYLQJ
RIGDWDIURPIOXRUHVFHQFHH[SHULPHQWVLVFXUUHQWO\LQSURJUHVV
$VDVWDUWLQJSRLQWWKH3'%'HYDQGWKH6HLGHOJURXSKDYHUHFHQWO\GHYHORSHGDGLFWLRQ
DU\IRU)5(7GDWDKWWSVJLWKXEFRPLKPZJ)/5GLFWLRQDU\DVDPHWKRGVSHFLILFH[WHQVLRQWR
WKHH[LVWLQJ,+0GLFWLRQDU\VRWKDW)5(7UHVWUDLQHG,+VWUXFWXUHPRGHOVFDQQRZEHGHSRVLWHG
7RHQVXUHWKDWWKHUHSRUWHGUHVXOWVDUHUHSURGXFLEOHLWLVLPSRUWDQWWKDWWKHUDZGDWDLVVXIILFLHQWO\
DQQRWDWHG7KLVLQFOXGHVUHSRUWLQJWKHVDPSOHGHWDLOVHJSUHSDUDWLRQSXULILFDWLRQDQGFKDUDF
WHUL]DWLRQG\H ODEHOLQJSRVLWLRQVDQGFKHPLVWU\ LQVWUXPHQWDWLRQ HJ VHWXSFRPSRQHQWVDQG
DFTXLVLWLRQVHWWLQJVPHDVXUHPHQWFRQGLWLRQVHJEXIIHUFRPSRVLWLRQWHPSHUDWXUHOLJDQGVDQG
RWKHUDGGLWLYHVDQGDQDO\VLVHJSURFHGXUHVDQGVRIWZDUHXVHGLQIRUPDWLRQRQGDWDTXDOLW\DQG
WKHSUHFLVLRQDQGDFFXUDF\RIREWDLQHGUHVXOWV,QDGGLWLRQFRUUHFWLRQIDFWRUVFDOLEUDWLRQSDUDP
HWHUVDQGUHIHUHQFHPHDVXUHPHQWVVKRXOGEHVSHFLILHGDQGDQ\DVVXPSWLRQVWKDWHQWHUWKHDQDO
\VLVVKRXOGEHSURYLGHG,IVWUXFWXUDOPRGHOLQJLVSHUIRUPHGZLWKWKHREWDLQHGLQWHUG\HGLVWDQFH
VP)5(72SHQ&DOO3RVLWLRQSDSHU

LQIRUPDWLRQPHDQGLVWDQFHVRUGLVWDQFHGLVWULEXWLRQV+DDVHWDOWKHFRUUHVSRQGLQJSUR
FHGXUHV WRROVDQGWKHDVVHVVPHQWRIWKHXQFHUWDLQW\RIWKHGLVWDQFHVVKRXOGEHGHVFULEHGWR
DOORZIRUYDOLGDWLRQRIGHSRVLWHGVWUXFWXUHV


3URSRVHGDFWLRQVWRIXUWKHUHVWDEOLVKWKHFRPPXQLW\DQGSUDFWLFH2SHQ6FLHQFH
 7REHVWDFKLHYHDFRQVHQVXVRQWKHIXWXUHGLUHFWLRQVRIWKHVP)5(7FRPPXQLW\DQRSHQ
IRUXPLVQHHGHGZKHUHWKHFXUUHQWLVVXHVQHHGVDQGGHVLUHVFRXOGEHGLVFXVVHG:HSURSRVH
WKHIROORZLQJWRROVWRRUJDQL]HWKHFRPPXQLW\DURXQGVWDQGDUGL]DWLRQHIIRUWVDQGRSHQVFLHQFH
SUDFWLFHV7RZDUGVWKLVHQGWKHWRROVEHORZKDYHEHHQSURSRVHGDQGVRPHKDYHDOUHDG\EHHQ
SXWLQSODFH

&RPPXQLW\ZHEVLWHDVDFHQWUDOKXE
$ZHEVLWHIRUWKH)5(7FRPPXQLW\KDVEHHQHVWDEOLVKHGDWKWWSVZZZIUHWFRPPXQLW\
7KHFRPPXQLW\ LVRSHQWRHYHU\ERG\DQGUHJLVWHUHGPHPEHUVFDQSRSXODWHWKHLUXVHUSURILOHV
ZLWKDGGLWLRQDOLQIRUPDWLRQVXFKDVDGHVFULSWLRQRIWKHLUVFLHQWLILFLQWHUHVWVRUDOLVWRINH\SXEOL
FDWLRQV%HVLGHVSURYLGLQJ UHJXODUXSGDWHVRQ WKHDFWLYLWLHVZLWKLQ WKHFRPPXQLW\ WKHZHEVLWH
DOVRSURYLGHVUHVRXUFHVVXFKDVDFXUDWHGOLVWRIVRIWZDUHSDFNDJHVVHH7DEOHDQGRIIHUVD
GLVFXVVLRQSODWIRUPWKURXJKDQLQWHJUDWHGIRUXP7KHZHEVLWHLVQRZPRGHUDWHGE\WKHDGYLVRU\
ERDUGRIWKHFRPPXQLW\

/LVWVHUY
7RIDFLOLWDWHWKHGLVVHPLQDWLRQRILPSRUWDQWLQIRUPDWLRQWRWKH)5(7FRPPXQLW\DQHOHF
WURQLFPDLOLQJOLVW/LVWVHUYKDVEHHQHVWDEOLVKHG,QRUGHUWRVXEVFULEHWRLWVP)5(7SUDFWLWLRQHUV
DUHUHTXHVWHGWRUHJLVWHUIUHHRIFKDUJHXVLQJWKHIROORZLQJOLQNKWWSVZZZIUHWFRPPXQLW\UHJ
LVWHU7KURXJKWKHHPDLOOLVWWKHPHPEHUVZLOOEHLQIRUPHGRIRQJRLQJDFWLYLWLHVDQGGHYHORSPHQWV
ZLWKLQWKHFRPPXQLW\VXFKDVH[SHULPHQWDORUFRPSXWDWLRQDOFKDOOHQJHVNH\SXEOLFDWLRQVLQWKH
ILHOGVDQGZRUNVKRSVRUPHHWLQJV

6HUYHUZHEVLWHDQGUHSRVLWRU\
7KHZHEVLWHDOVRVHUYHVDVDSODWIRUPIRURQJRLQJGLVFXVVLRQVDQQRXQFHPHQWVRIDF
FHSWHGUHOHYDQWSDSHUVDQQRXQFHPHQWVRIXSFRPLQJPHHWLQJVZRUNVKRSVFRPSHWLWLRQV MRLQW
SXEOLFDWLRQVHWF0RUHRYHUDUHSRVLWRU\ZLOOEHHVWDEOLVKHGZKLFKZLOOEHDFFHVVLEOHWKURXJKWKH
ZHEVLWHWRKRVWDFROOHFWLRQRIVRIWZDUHSDFNDJHVDQGIDFLOLWDWHFRPPXQLW\GULYHQMRLQWGHYHORS
PHQWRIDQDO\VLVWRROV7KHUHSRVLWRU\ZLOOFRQWDLQGHGLFDWHGVHFWLRQVIRUDFTXLVLWLRQVRIWZDUHUDZ
GDWDDQDO\VHVFRGHVDQDO\]HGGDWDILOHVDQGILOHFRQYHUVLRQXWLOLWLHV,QRUGHUWRGHSRVLWFRGHLQ
WKHUHSRVLWRU\GRFXPHQWDWLRQZLOOEHUHTXLUHGGRFXPHQWDWLRQJXLGHOLQHVZLOOEHSURYLGHG
7KHFRQFHSWRIWKHUHSRVLWRU\LVWRVXSSRUWRSHQVFLHQFHDQGWUDQVSDUHQF\$Q\RQHUHJ
LVWHUHGRQWKHZHEVLWHZLOOEHDEOHWRDFFHVVUDZGDWDDQDO\]HDQGFRPSDUHSHUIRUPDQFHVRIWKH
YDULRXVDQDO\VLV FRGHV0RUHRYHU WKHFRGHV FRXOGEHXSGDWHGDQG H[SDQGHG ZKLOH NHHSLQJ
RULJLQDOYHUVLRQVE\DQ\RQH7KLVZD\LPSURYHPHQWVDQGHQKDQFHPHQWVFRXOGEHLPSOHPHQWHG
DQGWHVWHG

3DUWLFLSDWLRQLQ&$63DQG&$63OLNHFRPSHWLWLRQV
&ULWLFDO$VVHVVPHQWRISURWHLQ6WUXFWXUH3UHGLFWLRQ&$63KWWSSUHGLFWLRQFHQWHURUJLV
DJUDVVURRWVFRPPXQLW\ZLGHHIIRUWIRUSUHGLFWLQJDWKUHHGLPHQVLRQDOSURWHLQVWUXFWXUHIURPLWV
DPLQRDFLGVHTXHQFH&$63KDVEHHQUXQVLQFHDVDGRXEOHEOLQGFRPSHWLWLRQ,WSURYLGHV
UHVHDUFKJURXSVZLWKDQRSSRUWXQLW\WRREMHFWLYHO\WHVWWKHLUVWUXFWXUHSUHGLFWLRQPHWKRGV&$63
KDVEHHQH[SORULQJPRGHOLQJPHWKRGVEDVHGLQSDUWRQVSDUVHH[SHULPHQWDOGDWDLQFOXGLQJGDWD
IURP6$6105FURVVOLQNLQJDQG)5(77KLVLQWHJUDWLYH&$63H[SHULPHQWZDVKLJKOLJKWHGDW
WKHUHFHQW&$63PHHWLQJZZZSUHGLFWLRQFHQWHURUJFDVSZKHUHWKHFDUERK\GUDWHELQGLQJ
VP)5(72SHQ&DOO3RVLWLRQSDSHU

PRGXOH&%0RIDȕJOXFDQDVHIURP%DFLOOXVFLUFXODQVZLWKDPLQRDFLGVN'D
ZDVVWXGLHGDVWKHILUVW)5(7GDWDDVVLVWHGWDUJHW)LQ&$63
 :HSURSRVH WKDWPHPEHUV RI WKH VP)5(7 FRPPXQLW\ LQWHUHVWHG LQ XVLQJ VP)5(7 WR
VWXG\LQWHJUDWLYHVWUXFWXUDOELRORJ\SDUWLFLSDWHLQWKH&$63FRPSHWLWLRQLQVHYHUDOVWDJHV,Q
WKHILUVWVWDJHWKHVP)5(7FRPPXQLW\ZLOORQO\VXEPLWGLVWDQFHVWKDWZLOOEHHYDOXDWHGZLWKUH
VSHFWWRWKHNQRZQEXWXQGLVFORVHGFU\VWDOVWUXFWXUH7KHW\SLFDOWLPHOLQHRI&$63LVYHU\FKDO
OHQJLQJIRUH[SHULPHQWEDVHGPHWKRGVWKDWLQYROYHWKHSUHSDUDWLRQRIODEHOHGVDPSOHVPHDVXUH
PHQWDQGDQDO\VLVRI)5(7GDWD0RUHRYHUH[SHULPHQWDOGHVLJQZRUNVEHVWZKHQQRQ)5(7
DVVLVWHGVWUXFWXUDOSUHGLFWLRQVDUHDOUHDG\DYDLODEOH7KRVHWDUJHWVWKDWDUHLGHQWLILHGDVGLIILFXOW
E\ WKHSUHGLFWRUVDQGIRUZKLFKPXOWLSOHSRVVLEOHIROGVDUHVXEPLWWHGZLWKRXWDFOHDUZLQQHUD
)5(7DVVLVWHGURXQGFRXOGEHLQVLJKWIXODVZDVWKHFDVHIRUWKHILUVWWDUJHW&%00RUHRYHU
ZHDOVRVXJJHVWXVLQJWKHGDWDIURP&%0DQGRWKHU)5(7GDWDVHWVIRUWKH&$63FRPPRQV
DVMRLQWWUDLQLQJWRROVIRUWKH&$63FRPPXQLW\RQ)5(7DVVLVWHGVWUXFWXUDOPRGHOOLQJ,QWKH
VHFRQGVWDJHWKHVP)5(7FRPPXQLW\ZLOOEHIXOOSDUWLFLSDQWVXVLQJGLVWDQFHUHVWUDLQWVVWUXF
WXUDO PRGHOLQJ ZKHWKHU VP)5(7DVVLVWHG PRGHOLQJ RU QDwYH PRGHOLQJ XVLQJ VP)5(7 LQIRU
PDWLRQIRUYDOLGDWLRQDQGZLOOVXEPLWVROYHGVWUXFWXUHV7KHVHUHFRPPHQGDWLRQVDSSO\PRVWO\WR
SUHVHQWDQGIXWXUHSUDFWLWLRQHUVRIVP)5(7GULYHQLQWHJUDWLYHPRGHOOLQJ+RZHYHUVP)5(7LV
MXVWRQHRXWRIPDQ\ELRSK\VLFDOWHFKQLTXHVWKDWFDQSURYLGHH[SHULPHQWDOUHVWUDLQWVLQLQWHJUDWLYH
PRGHOOLQJ;/06VLQJOHSDUWLFOHFU\R(01056$;67KHUHIRUHZHSURSRVHWKDWDWDODWHU
VWDJHDQDOOELRSK\VLFVLQWHJUDWLYHVWUXFWXUDOELRORJ\FRPSHWLWLRQZLOOEHHVWDEOLVKHG

VP)5(7PHHWLQJV
6DWHOOLWHPHHWLQJVWRWKH&RQIHUHQFHRQ0HWKRGVDQG$SSOLFDWLRQVLQ)OXRUHVFHQFH0$)
KDYHEHHQRUJDQL]HG WRGLVFXVVSUDFWLFHVVWDQGDUGVFRPSHWLWLRQVDQGMRLQWSXEOLFDWLRQV:H
HQYLVLRQDQRFFDVLRQDOGHGLFDWHGPHHWLQJIRUWKHVP)5(7FRPPXQLW\VXFKDVWKH%XQVHQPHHW
LQJVRQ)5(7WKDWKDYHEHHQKHOGLQDQGLQDWWKH0D[3ODQFN,QVWLWXWHIRU%LRSK\VLFDO
&KHPLVWU\LQ*|WWLQJHQ*HUPDQ\OLQNKWWSIUHWXQLGXHVVHOGRUIGHFPVKRPHKWPO+RZHYHU
WR RSHQ WKHVH PHHWLQJV WR VP)5(7 SUDFWLWLRQHUV RXWVLGH (XURSH ZH SURSRVH WR FKDQJH WKH
YHQXHEHWZHHQFRQWLQHQWV:HDOVRVXJJHVWXVLQJWKHVDWHOOLWHPHHWLQJVDQGZRUNVKRSVWRGLV
VHPLQDWH LQIRUPDWLRQGHWDLOVRIDFFXUDWH)5(7PHDVXUHPHQWVFRPPRQSUDFWLFHVVWDQGDUGV
DQGFRPSHWLWLRQVWR\RXQJUHVHDUFKHUVDQGJLYH WKHPWKHFKDQFHWR LQWHUDFWZLWK WKH OHDGLQJ
H[SHUWVLQWKHILHOG
7KHDFDGHPLFOLIHVW\OHLQWKHSRVW&29,'SDQGHPLFHUDUHQGHUVDWWHQGDQFHLQWKHVH
XSFRPLQJVP)5(7PHHWLQJV UHODWLYHO\GLIILFXOW$SURSHUDGDSWDWLRQ WR WKHSRVW&29,'HUD
PLJKWEHLQWKHIRUPRIVP)5(7ZHELQDUVDQGZHEFRQIHUHQFHVWKDWDUHRSHQWRDOOZLOOSURYLGH
)5(7UHVHDUFKHUVWKHXQLTXHRSSRUWXQLW\WROLVWHQDQGVRFLDOL]HYLUWXDOO\7KHVHRQOLQHVHPLQDUV
FRXOGDOVREHDJRRGSUDFWLFHRIRSHQVFLHQFHRIWKH)5(7FRPPXQLW\


6XPPDU\
,QWKLVDUWLFOHZHKDYHVXPPDUL]HGRXUSHUVSHFWLYHVRQWKHVWDWXVRIWKHVP)5(7ILHOG
OLPLWDWLRQVWKDWVWLOOQHHGWREHRYHUFRPHDQGFRPPXQDOHIIRUWVRIWKHVP)5(7FRPPXQLW\WR
ZDUGVWKHDGRSWLRQRIFRQVLVWHQWPHWKRGRORJLHVDQGRSHQVFLHQFHSUDFWLFHV6XFKDFRPPXQLW\
HIIRUWLVQHFHVVDU\WRVROLGLI\VP)5(7DVDQLQGLVSHQVDEOHWRROIRUG\QDPLFVWUXFWXUHGHWHUPLQD
WLRQ%DVHGRQWKHFXUUHQWQHHGVDQGWKHDFWLRQVWKDWKDYHDOUHDG\EHHQWDNHQZHKDYHSURSRVHG
DGGLWLRQDO DFWLRQV IRU WKH QHDU IXWXUH 2XU KRSH LV WKDW WKHVH HIIRUWV ZLOO EHQHILW QRW RQO\ WKH
VP)5(7FRPPXQLW\EXWDOVRWKHVWUXFWXUDOELRORJ\FRPPXQLW\DQGVFLHQFHRYHUDOO


$XWKRU&RQWULEXWLRQV
$OOFRDXWKRUVRIWKLVZRUNKDYHFRQWULEXWHGWRZULWLQJWKLVPDQXVFULSW
VP)5(72SHQ&DOO3RVLWLRQSDSHU
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&RPSHWLQJLQWHUHVWV
7KHDXWKRUVGHFODUHWKDWQRFRPSHWLQJLQWHUHVWVH[LVW
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